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Claims 97-99, lUl-iU and 113-UO arc pending in the 
application. A^^plic^nr^ have herein abnv^. amended independent 
claimo 97, 111, and 11 H. Claims 98 and 99 are canceled without 
prejudice In llyhu of che amendments to claims 97, 111 and 
113 The claim amcndTrx nts are completely supported by the 
appiicrion as oriqinally filed, and thus they do nor involve 
any issue of new mar.tsr . Therefore, entry of this amendment lo 
respectfully requested such that claims 97, 101-111 and 11.^- 
118, as dmended, will be pending. 

Applicants appLecist« t.he courtesies extendfid by the examiner 
during a telephone convsrftnce with their lepi-ftsentative, John 
P. White, Esq. (Rey. No. 20, 678), on March 26, 7n()2. The 
remarks set forth her^'in are in accordance wiLh Lhe matters 
discus5«fi during the subjecL celephone conference. 

Based on the telephone couI«rence, it is applicants' 
understanding that thi.. amendment is to Hp filed in che Office 
by telefacsimile, and thar the Exdminer will give this 
response an expedited review. Following such review it is 
applicants' furthar iindftrstanding that Uie E:caminer will 
pprmit an interview wi.h applicants' counsel to discuss, intfiX 
^lia . the above ame-dments in an effort to resolve any 
remaining issues concerning Lhe patentability of the claim? of 
the piesent case, which issues may ^Lso be relevant to several 
pending related applications by Lhe same inventors. If this 
understanding is not correct, the Exami-Pr is respectfully 
requested to rP.lephcie applicants' representative at the 
number below co clariiy any such misunderstanding. 
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Applicants note witn aj-pieuiation the statement in fS on p. 2 
of the Office Action that the rejftr.tion of Claima 97-99 and 
101-118 under U.S.C. §112, first paragraph, as containing 
subject mattei which wa„ not described in th« specification in 
such a way as to en^h\<?. one skilled in Lhe art to which it 
pfirtains. or with which it is mosr nearly connR^ted. to make 
and/or uoc the inveruinn, is wirhdrawn in light of i:hc 
amendments prevloui;ly meide to the claims. 

nKja^<>rig)p tn the D l SCl>jSU££ 

The Kxamiiiei stated tho. the prior ohjertion to the dlsclosuL« 
is maintained for r.he iveasons set forth in the Office Action 
mailed June 18, ll)98 (Paper No. 16). The Examiner further 
stated that applicant?, s,,hmit they will ptuvide a new Figure 
SB t.-, overcome the iej..'CCion when the case is in condition tor 
allowance. The Exami -ler additionally Stated Lhat until 
applicants submit a proper Figure, the objection is 
maintcilued- 

in response, applicant:, will provide a npw Figure 6B upon the 
indication of allowable subject matter. 

nv,^r-inijrincso. Typa Lou KI » PptPntina Rejectiyn 

ThP. Examiner r.r.vi s Lun.nv rejected claims 97-99, lOT-lll and 
U.3-110 83 being unpatentahl « due to obvlOUS-type double 
patenting over claims /8-92 and 94-93 of copending Application 
NO. 08/477,097 for th- reasons made of record in Paper No. 20 
mailed Ontnber 6, 19''9, and Pciper No. 22, mailed June 27, 
2000. The Examiner slated that applicants' arguments filed 
August 1, ?001, i.e., that Lhe claims of Application No. 
08/477,097 do not render obvious the instant claims, have been 
fully considered but are not peri!UdSj.ve because applicants 
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haJe provided no reas...nlnq to dispute the obviousness set 
forth In the previous office Actions. 

Thfi Examiner ha« dUdir ionally ^rr^v^ '^Aon^llw r^jert.«d ciaims 
97-99, 101-llX and n3-1iH as being unpaLeiiL6ble due to 
ob^r-iri'sness-type doubl-^ parenting over pending claims IR-^li 
and 95-100 of copending Application No. 06/475,084 [Sic. 
08/475,784] for trift re.-sons made of record in Paper Mo. 20, 
mailed'ocLuber C, 1009 ^.nd Papor No. 22, Tn^iiied duna 27, 2000. 
The Examiner stated r.har. applicants' arymuents filed August 1, 
2U01, i.e., LhciC the claimc of 08/475.784 do not render 
obviouo the instant cJ/.ims, have been consideLed but are not 
persuasive because applicants have provided no reasoning to 
dispute the obviour.nGs.-. set forth in previous Office Actions. 

in a new ground of rejection, as ser forth in til on p. 12 of 
tho Office Action, d aims 97-99, 101-111 and 113-118 are 
CrovlalonaUx rejected o= being unpatentable due to 
obviousness-type donhie patenting over claims 100 122 of 
copending Applicclion No. 08/477,117. The Examiner stated 
that, although th.^ c].si.Tr..s are not identical, they are not 
patpntably distinct l i.um each other because the claim,^ of 
Application No. 03/177,147 also encompass the same composition 
as that which is instantly claimed {i.e., a conjugate 
comprising a ganglio=>dc derivative with an altered ceramide 
portion conjugated to .in immunogenic piotein baaed carrier, a 
saponin and ^ pharma.:eutic3lly acceptable carrier), and a 
method of treatment i.v;ing such. 

The provisional doubi --patenting reriectious of claims 97-99, 
101-111 and 113-llH of the present applicerion over 
applications Serij.l M-... Oft/477, (Jy/; 08/475,784 and 08/477, 147 
arp rfi.spectfUlly Liav.a-5ed. In response to these r«j«ctions. 
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applicants submit th«l M.^.E.P- §804 IB, in discussing 
provisional double-patenting rejections bPtw^en copendlnq 
dpplicationo, requires t h^r. tne: 

'provioional' douhlfi patenting re-j<icLion should 
coTitinue CO be iiidde by the examiner in earh 
application 0:-. long as there fire conflictlnq cldims 
in morfi than one applicarion jinloss that 

-prnv islo.ial' -^- v^-T- pg-h^ntinn rpifir.tjo n l.S_Ch£ 

»niy rPi-=--i-i f^n re maining iij SOS £i£ tha 

,iiimiriri-;p- yr^^^Hon^r r^nnhlP nflt^nting 
,.^^»^r-i»n in nyiP qpp H r.fltjpn i S The uul/ reigctip n 
rsiMiniDQ ^^^^ H.n.licarinn, th^ ^x^minor ..hom ^ 
■ withd r --' r.>iertiQn a n d peyiPP-L — ths. 
pp pl^^.tinn T.0 L-^^n^ as Q- Patent, tj lgreb ^ 

^.^ ^o^^nn in 1-he o rner ^ppllr^ti^n in^o doulp JLs 

^...^i^c as a natsn r. (emphasis supplied by 
applicants) . 

Applicants snhmir, therefore, fur the rea3on= discussed belnw, 
that the cldim amendments made herein to claims 97, 111 and 
113 are belisveH to overcome the §103 (a) rejection of those 
Claims, as well a= th. claims which depend therefrom, which 
rejections should th.-retore be withdi^wn. Following such 
withdrawal of the §103(a) rejections, tho nnl y r^ma inlog 
^r. r>.i.. ^ooJlr.tinn w Qllld be r^e pfov i -^1 r,na1 doub . lc 

_j , m .qq 101-111 and 113-llS. in 

P=.fATit-ina re iectAon oi claims 37 J9, lUJ. iaj- 

accordance wiT:h che M.P.E-P- section quoted above, the 
provisional doubj e paLenting rejection should rhus be 
,.ii>.lr^wn to permic th-. application to issue as a paLenr. Guch 
action js therefore rnspecLfully solicited. 
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^^1 orr ;i,.n n,^,-1» T H.S.O. 103 (a) 

The EKsminer statP.ri thai the prior lejection of claims 97-99, 
lUl-ill and 110-110 ..ndcr 35 u.S.C. §in:^(a) as beinq 
unpatentable over L.wjnuston et al (Cancer Research, 149:7045- 
7050, iy89) in vie. of Ritrer, ct al. (Seminar, in Cancer 
Biology, 2:401-^09, 199n, T.iane et al. (Journal of Biologic^il 
Chemistry, 249 (14 ): 4400-4466, 1974), Livingston et al. (tl.f^. 
Patent No, S,102,6fi3), Ritter et ?1 - (Iiranunobiol, 812: 32-43, 
1990), Kensil fit al. (The Journal uf Iiranunology, 146(2) :431- 
437, 1991), Mdrciemi <.t al. (Vaccine, 9:^9-96. 1991) and 
Uemura et al. (J- Riochem, 79 (6) : 1253-12C1, 1976) is 
maintained for th« reasons made of record in thfi "previous 
Office Actions". Th^ Ey-iminsr then reiterated Uie^^e reasons aa 



f ol.l nws 



r....rT-°-^'' ^nmrnarv of..ln^oT Tru rl^i^ rejeftion^ 

i-v-i-h T iiri nastnn pt al (Cahcer Research) 
ine Examxner stated tliat Livingston 

teach a composition ^administered Lo melanoma poticnts for 
stimuiatmq the produ-tion of antibodies r^cted against a 
carbohydrate epitope on the ganglioside GM2 (page 7046 7048). 
The Examiner stated rhat Livingston et al. te.rh that the 
composition for treati-..?nt is administered at cuncentrationo 
of inn, 2UU or 300 UM with an adjuvant, Bacillus-Calmettft- 
Geuiin (DCG), and 3 pharmscei.it i rally acceptable vehicle, 
phosphate buffered saline, P. 7046, column 1, paragraph 3, and 
paraqraph bridging p. 7046-7047.). The Examiner stated that 
Livingston et al. t«a.-h that melanoma recurrence wao delayed 
in patientii developing CMS antibodies after treatment with the 
composition (pagp. 704.'., paragraph 1 and column 2, paragraph 
2) . The Examiner stated that Livingston et a.l - teach that more 
patients produce IgM .".ntibodies than iqG antibodies to the CM2 
(page 7047, paraqraph bridging columns 1-2). The Ev.miner also 
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llTlJ} that Livingston ■.■■c al. al.-n teach Ihe ganqlic;«ia«s GM2, 
GD2 lind r,n3 are expr-ssed ua the cell surface o£ human 
maliqnaiiL melancmas (page 7045, coHitbh 1, paragraph 2) and 
that Livingston ec al. differ [i.e., from the present 
invention] by not teaching the conjugation of f.he C5M2 or other 
ganglioGides by means r,i ^ carbon on the c«i amide moiery with 
atninoiysyl groups uu Keyhole Limpet Hemocyanin (KT.H) in a 
uumposicion and using ^ his composition for treaUieuL- 

The B;.«uiiner furth.=r .cated that Ritter et al (1991) teach 
that IgG response to .■fangllosides may be increased by the 
covaleni: atlachment of lorcign carrier proteins such as KLH to 
the ganglioside, r„su 1 r.ing the in th« T cell help necessary 
for the response iy^ge -iOC, paragraph 1). The Examin^^r stated 
that Rittcr et al. ta<..:.h that the advantage ol including an 
IgG ..nribody response (vs igM) against gangliosides is that 
lyG: a) haa a highe^r alfiniry, h) is better able to penetrate 
solid tissues, C) is aV.le lu mediate antibody-dependent cell- 
tnedi..Lea cytotoxicity, and d) is genpraiiy detectable ia Lhe 
scrum for longpr pario.is after iiiuuuuization . 

The Examiner addit : ons l l.y stated that Lia:i« et al. (Journal of 
Rioiogical Chemii>Uy, .:49 (14) : 4460-4^ 66, 1974) te^r.h a method 
for covalcnt coupling <.■£ o^ngUosides to aminoeLhyl agarose or 
the .mlno group-bearinu glass beads by oxidative ozonclysi s ot 
Uie olefinic bond of tl,e sphinges i nft moiety (i.e., the instant 
carbon double bonO of ceramlde) and coupling of the carboxyl 
bearing product to th^.- amino group of aniinoethyl agarose or 
the amino gronp-beariug glass beads. 

The Examiner a] so stav-d that Fitter eL al. (1990) teach that 
UU3 lactone is more immunogenic than GD3 . 
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?jrh;iamine. additionally stated thai- Livingston eL dl. (U.O. 
Patent No. 5, 102 , fifii) fSach that yaiicjliosideo GM3, GM2, GD3, 
GD?, GT3 and O-a^eU/l G:n3 arc gangliosides that are promineiit 
i,«ll-meinbrane componeru-s ot melanoma aud other tumors o£ 
neuroectodermal orlqin (column 1. lines 22-23). 

The Examiner further sr..ited thdt Kensil ct al. teach th^t QS- 
21 (i.e., the instant .-.vjrbohydrate riftrivable from the bar)c of 
a Quillaja saponar-ia M<aina tree) t^roduced a higher antibody 
response than convent. Lonal aluminum hydroxide (page 433, 
column 2, paragraph 4, .md Figure 3). Ken^il et al. al30 teach 
that the immune re=ip...i^5es obtained with QS-21, reached a 
plateau at doses betwe.-a 10-«n pg in mice (page 433, column 1, 
paragraph 1^) . 

The Examiner addition... UV staL«d that Marciani et al- tear.h 
the use of Q3-21 adjuv.-mt was useful hftr.ause it did not cause 
tojcic reaction in cat:; (page 93, paidgraph 1). 

The E;<aminer add.Ltiof,^ 1 1 y stated thai Uemura er al . (J 
B.inchem, 79(6):125:3-l?ol, 1976) teach that the cronnlysis and 
reduction of various sr.hingol i pids did not affect Lhe haptenic 
reactivity of the ganuliuside derivative with antibodie.s. 

The Examiner thpretoi>. stated thdL it would have been prima 
tacie Obvious Lc one of ordinary skill in the srt at the time 
the invention was maoe to modify the composition taught by 
Living.,ton et al. by • oujugating the CM2 to KLH by cov.lentiy 
coupling CH2 to KLH by sub-'^sti tuting GM2 for Uie globoside and 
KLH for aminoethvl ag-.ro:.* to proHii<-c GM-2-KTH r-oninrT,,rP hv 
P^ .,.., ...f m.finic hf^J^r^ of thft gp hin gosinf, ■aci>-ry of the . 

r.^-^ M ^.^ tn e ■ incr.,nr cnr^i^^^H^ Houhlr bond) gnd the 

^..nr^r, nrs .:: ont ip t he PCLH prOT^fiin pslnq ih^ H^^tho ^ 
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Q3-21 as an adjuvant r.o the GM2-KLH conjugate for use as a 
v;,rr.ine because Lh« conjugated composition would be expected 
to enhance the IgG res,.onsP. to the ganqliosid«, as taught by 
Riti-pr et al. (1991), Ll.us providing the advantages by Ritter 
BL al. (1001) and adoLng the QS-21 would be advaiiLogeous 
because it provide.-^ for a hiyh«r antibody rcGponse that the 
conuiiuuly used adjuvam used by Kens-il et ai . and QS-21 
provides the advantage?: that It Is iiyL Loxic to animals os is 
taught by Meixciani et '"il. 

The examiner therefure. stated that it would also have been 
prima facie obviou.-j to use doses of between 10 and 80 uq oL 
ns-71 in the composlticn and Lu optimize the do3c accordingly 
because the immune r.-sponse with QS-51 plateaus at doses 
between m-HO ug and optimization ol the weight ratio of the 
componeiius of the composition to provide an optimal response 
is well within the: ordinary skill in the axL as is use the 
composition as niodifivd aaera for treatment of melanoma as 
tought by Livingston al- (Cancer Research). 

The Examiner addition... U,y ccncl'.idpd that it would also have 
been prfmfl tacie obvi-US to one v£ uidinary skill in the ort 
to bub^Litute any one of GM3, GD2, GD3, or ct-arfityl GB'i tor 
the GM2 gangliosHfir: In the composition and lueLhuU as combined, 
supra, because Lhey ar.-.- all prominent cell-membrane components 
of melanomas as taughi by Livingston et al. (U.S. PaLenL No. 
h,l(j;/,663) and one. ol ordinary skill in the art would know 
they react with the m.lflnnma ceils. 

The Examiner further stated that it would also have been priaid 
facie obvious to ont- ol ordinary skill ot the time the 
indention was madf> to substitute thfl GUA lactone for the eM2 
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y!S^lio3idc in the cOTnr.o.ition because GD3 lactone is more 
immunogpnlc Chan GDS, ... t.ughr by Rittar .1 . (1990) and 
wouia be expected to product an enhanced antibudy response oc 
compared to C^Ti.i. 

The Examiner further sv-Jted that opLiiuization o£ the dosage, 
the route o£ immunization, and the nuT^bP.r ot Sites of 
immunization to adn-nni.ter the compositiuu, are well within 
the skill of the ordinary artioon. 

The F.xaminer further .sLdled that one would have reasonably 
expected The conjugation proc^durfi r.o work as substituLed 
because rnnjugation T:hi.)Uqh the t-aminolysyl groups of carrier 
proteliib for enhanced iuimunoganicity is routine in the art and 
Uemura et al . (J Biochem, 79 (6) : 1253-1261, 197G) teach that 
the ozoriolysis and reduction of various sphingmipids did not 
affect the haptenir re.ictivity with antibodies. 

f;vRm-iner'F .^nalysi::; of .;^rr[iiniPntS made by . appHc^fl I.:? Lo gl^im 
rPiai:LiQIlS_.in rhPlr Auuu st l . 2001 respongc: 
The Examiner otated in che Office art ion that applicants arque 
that tbR references do not Leaich, suggest or disclose 
applicdnts invention. The Examiner further stated that 
specifically, ;»ppltcaijCS' argue that the primary reference, 
Livlnqstou eL al. (ISO'O failo to teach conjugation nf GM2 or 
other gangliosides by n.Pians ot a carbon on the ceiamide moiety 
with aminolysvl qroupi- on KLll in a composition, or using this 
conjugate for treatme-.t, and that applicants further diyae 
that the secondary rej .srences fail to supply this teaching. 

Thft Examiner stated th.iL wlLh regard to Rittcr et al . (1991), 
applicants acknowLedgo that R.i.ttpr ftt al. (1991) teaches 
conjuoar.lon of to KflL. The Examiner further statad that 
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applicants argue that rittsr et ai. (1991) fails to Leach the 
chftmicai nature of the GM2-KLH conjugate, or how to make the 
conjugate, and further that the referp.nr.e does not disclose 
conjugation through th-j ceramide. 

The Examiner additionally stated that with ley-ard to Ritter et 
al. (1990), applicant:-, argue that there is no teaching nf 
conjugation to KLH, d-H further, that modifications u£ Uhe 
gangiiosides of RiLL«i et al. (1990) arc in the carbohydrate 
portion, not the ceramide portion, .«5uch that Ritter et al- 
(iqqn) teach away from cerdmldii: conjugation. 

The Examinpr addit Lona lly stated thai with regard to Lianc ct 
al., dpjjlicants supplied Hcllins et al., which applicants 
argue teaches thai- T.iane et al. method "ib ul limited use for 
the comuqatiou of gan^ilioside to carrier proteins becansR it 
requires acetylated, nu^rhy\ ester derivatives of qauyliosides 
to avoid coupling vLd the sialic acid carboxyl group. 
Deacylation after conjugation under basic conditions is 
necp.ssary, condition?- mosL pLuLeins cannot be exposed to 
without degradation". The E.Maminer stated that, based on this 
teaching, applicants concluded that LiautJ et al. fails to 
supply the missing teachings of the primary referpnr.ft. The 
Examiner further st^ited that with reqard Lu the orhcr 
secondary references ^Uemura et al., Kcneil, et al-, Marci^^ni 
et ol., and Livings uon fit I . (U.b. Patent 5,102,653)) 
applicants arque thm Lhese references fail to teach a 
ceramide linkage. 

The Examiner went on to state th^i" applicants' arguments filed 
August 1, 2001 in response Lo these grounds for rejection have 
been fully concid-sren but they are nor psrsuasive. 
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Itll.ti.'. r.^ r^nc. i-n .nnl ican rs' .rcin,n.nts in their Augu^ J; 

Responding to appl.ican. s' arguments in their August 1, 2001 
respon..« (see, e.g., pr-10-16 of the subject Amendment, whirh 
rem<*ik3 will not bo repl aced here), hhe Examiner srateU in the 
pres«mt Of fire AcCioi, Ihat Lhe conjugate ond method of 
rrear.menL Ldught in Livingston et al. tpsr.hes the instantly 
claimed conjugate, hut rails to teach conjugation to KLH. 

The EKaminer furthor «^ated in the Office Action that Rittcr 
et al. (i991) teachfcis chat the conjugation of GM2 i-n KLH is 
desirable because iz ge=nerate.<? ^ superior immune te^^ponse, and 
that with regard to Rixxer «t al. (1391), applicants' argument. 
rha-L the reference iails to te.rh the specific ceramide 
conjugation is not per:3uasive becduse such a conjugation was 
known in uh« art at ti.c time the invention was made (as set 
forth in the addition.^ secondary reler^ncas) . The Examiner 
additionally stat.:d thai: the key teaching of Ratter et al . 
(1991) io that one wr.olH expect a superior iimnune response 
when cm is coupled to KLH. The Examiner stated that Rittp.r et 
al. (1991) provide.-^ morivaticn to conjugate the ganqlioaide to 



KLH. 



The Examiner state.d that, with regard to Ritter et al. (1990), 
applicant's aryuiuents misrepresent the teachings ot Ritter et 
al.(l990) and the • x«miner' s reasons lor. citing ouch. 

w = • nii-i-cr et al. (1990) was r.ited tor 

According to the E.Adiumei, Rittcr et ax. ; 

the teaching that GD3 lactone i .<5 more immunoqenic that GD3 and 

that the reference was not cired zo represent ceramide 

linVcagc. 

The Examiner additionally st5t<.d that in contract to the 
^pp].ir;,nts' argumems, Liane ct al. does not r^qoi r« 
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delcetyldtion afrcr conjugarion- The examiner sz^L^d chat it 
appears that thfi reaction rhat cit;plicant3 had referred to 
that of fiouxe_2 in the Liana et al . paper, in which Lhe 
deacetylation step n.curs after qlass beads have baen 
conjugated to the yancjiioside . The Examiner in her remarks 
Lhen pointed applicant.; m iiaurS 1 Of Lidiie et al . , which 
conrains a different reaction, i.e., one which provides 
carbcdiimide link..ige under 5,tandard acidic, not basic 
conditions. The Examinee staled that the deacetylation stsp in 
the oomugdUion mer.hod of figure 1 orrnrs before the liakdge 
step and the protfti.n i:; not present in basic conditions when 
substituted fui the s.pharose. The Examiner further stated 
that carbodiimides unH.T conditions of Lidne et al. have long 
been used for the cyupling of peptides to carrier proteins and 
will not degrade the protein, and that with reyard to the 
other ?Ar.ondary rofercnceb ( Uemura et al., Kensil et 
Marcidui et al. and Livingston *t ^^ . (U.S. Patent 5,102,663)) 
that applicants only argue that Lhese referencco fail to teach 
a ceramide linlcagc. Tuc Examiner stated, however, that they 
(i.e., the secon.Hsry references) axe not cited for the 
teaching of a cerdiuidf; linkage The Examiner thus .stated that 
the rejection is r.aim.ainpri for reasons of recoLd. 

The Wight reference ci ced in combination to relect uldims 97- 
99, 101-111, 113 and 113-118 under 35 U.S.C. §103 (a) are 
extensively di3cu:.3cd by applicants in their submission filed 
August 1, 2001 (:=.:ee, e.g., PP 12-10 of the August 1, 2001 
submission). Tho:>.e .-liacuocions, which applicants Delleve 
provide sufficifinr. grounds for disLiuquishing the invention 
over the ciLed references, will not be repe^tftd here. However, 
the substance nf che subject aryuiaents is cKpreesly 
incorporated into th.i .5 response by referenrP. thereto. 
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llllollm^, therefore, to the grounds fc. rejeotion as 
=u:^arized by tH. Examiner la the prc.cnt Office Action, 
Applicants respectfully travers. rh. 7,x«miner' s reie.Lion that 
Lhe invention racited i n the claims i. obvious over the cxt^d 
art, Applicants r.^p.^^tf ally disagree with r.he txamlner' « 
contention chat the cnjngation procedure described by the 
referenrfts as COiTtoin«U provides the same procedure as 
applicants' preocntly .-.laimed roupiing procedur«. Applicants 
contend tb^t the cited references, namely Livingston et ai. 

(Cancer Research) in view of Fitter «t ai. (Seminar:, in Cancer 
Biology), Lianfi ftt I. (Journal of Biological Chemistry), 
Livingston et al, (U.;;. Totont No. 5, 10?, , Hitter et .*l. 

(Immunobiol), Ken.i1 et al. (The Journal of iKonunology) , 
Marriani et al. (V.ccine) and Ucmura et al . (.T. Biochem) do 

nul te«oh, ouggest, o. otherwise disclose applicants' claimed 

inventHnn and therefo-^ these references, in combi nation, do 

not jteiider obviou:; th-.- claimed invention. 

in support of their position. Applicants submit that the 
preaently pending inri,>pendent Claims of the application (nos. 
97,111, and 113) are now o^m^ to recite., respectively a 
colposition and methods involving administration of the 
compn.sition. wheceiu the composition comprises: a) a 
;;unjugate o£ i) a GM.': gangT i oside derivative which compriocs 
an unaltered oligoscu;cU=iride part and an altered r.^ramide 
portion comprising a .phingosine base, to ii) Keyhole Limpet 
Hei^ocyanin, comprising an c-aminolysyl group; b) a saponin 
derivable from the b,..rk of a QuiUaja «.ponaria Molina tree; 
and c) a php rmaceut . callV accept<»ble carrier; the relative 
amounts of :.ach conju-,ato and sueh saponin being effective to 
stimulate or enhanr.P. .mtibody production in a subject, wher«i« 
in hhe conjugate the gaaglioside derivative is covalentiy 
bound to the KeyhoU Limpet Hemooyanin through a C-4 carbou of 
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the ephingosin© base ot the ceraaiide portion of the 
gang]ioside derivative to the e-aminolysyl group of Kcyhol* 
Lintpet Hemooyaiiin, wherein the C-4 carbon is present in a CH, 
yxroup. [Emphasis added I - 

AS noted by the Exc-min-r in tha paragraph bridging pp. 5-6 of 
the present Offic:e ACr,ion, Liane et al, . (Journal of 
Biological ChemisiUT, 2-)4 (14) : 4460-4466, 1974) tP«r.h a method 
for covalcnt coupling or gangliosides CO aminoeLhyl agarose or 
amino group-bearinq qlciS beads by oxidative ozonolysis of the. 
ulefinic bond of tha sphingosine moiety (i.e., th« Instant 
carbon double bond oi th« ceramide) and coupling of tbp 
carboAyl bearing product to the amino group bearing glass 
beads. 

On p. 10 o£ the Office Action, the Examiner specifically 
points applicants Lu Figure 1 of the Liane, st al. reference 
(see p. 4461). As iliustraffiH therein the qatiylioside i3 
coup] fid to the amino .iruup through a C-4 carbon which <^nrni & 
p - ^rl of a arouD. 

In contract, and ..3 r.ow specifically rerir.ed in independent 
claims 91, 111 ^^nd Li3 of the present application, the 
ganglioside derivativ-^ of the composition nf the present 
invention is coval.?ntly bound, i.e. conjuyaLed, to the Keyhole 
T.impet Hemocvaniu, thcough a C-4 carbon of the ..phingosine 
base of the ceramide i-.ortinn ot the ganglioside derivative to 
the r-aminolysyl group uI Keyhole Limpet Hemocyanin, whP.r^ .i n 
^1-,,- ^ ^ ^^^u^n pr^.^nr in fi CH._gr0UR^[ emphasis added] . 

Th« above-describ.d 1 Lnkage is cleA^rly illustrated in Figure 
1-2 of thP presenv. application wherein the C-4 carbon through 
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llty'l^e covaleuc bonding occur. fnr.s parr ol . CH, ..oup, 
and :.-r r r-n ..quo in the c... of the Liane. et 
reference. As the pre.eutly cl.irned mod. of linkage Is n.xthe. 
.auqht nor even su.gas..d hy the Liane eL .1. reference, nor 
.ny of th. other r.fer< nce. cited in ccnd=inarinn to redectxon 
Claims 97, 101-111. .nd 115-11«, applicanLs r^peccfully 

subn^L. that th« invencion now recited in the (amended) 
independent .lain.., - -11 .s the claims .h.ch depend 
.herefrom, is not obvious to one of ordinary e.ill ^^^^^/^^^ 
Thu., the relecLiun c: claims 97, 101-11 1. 113 and ll.-llO 
under 35 U.S.C. §in3(.) .should be wlthdiawn. Claims 98-99 have 
boer canceled (withoui. prejudice) as noted above. 

p>.^...^fir.n TinHpr u^:-. r, ^103 (al 

me prior .ejection ol claim 114 nnder 35 U.S.C. S103(a) a. 

being unpatentahl.. ov^r Livingston et al. (Canc.r R.se.rr.h) , 

Ritter et al. (Cancer Biology, 1991), i.^.ne et al. (Journal of 

Biological Chemistry, ^.4^ (14) ; 4460-4466 (1974), Livingston et 

al ' (U S .arenr No. -,,102,663), Ritter et .1. (1990), Kensil 

ez ll. «nd Morci.ni .-.-t al . and Uemera el al. (J. Biochem. , 

79(6):ir.3-1261. 197M applied to claims 97-94, lOl-lU, 

113 and 115-118, and further in view of Irie et al. (U.S. 

Patent No. 4. b:,/, 93.1. is maintained by the Examiner, lor 

, H «-ir. previous Office Actions" and which were 

reasons o£ j.ecuia m previous. 

reiterated as follow;-.. 

The DKaminer sta.eH. that the combination diffcrc by nor 
teonching the administration of Lhe composition for tre.t^ng 
cancer of epithelial oiigin. 

Wirh regard to the p.ccnt to Irie .t al . , the Examiner stated 
chac IX le et al . teaches that the ganglioside GM2 is found on 
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oJ'ixf"Lamo« of a v..iety nf hiscoloqical types including 
melanoma and breast, ca-^r.i nomas (columu i, lines 28-31). 

The l2Kamin.r nonciuded Ln rhe Office Action that it would have 
been prima tacie obviuus to one of ordinary .ck-iii in zhe art 
at r.he time the indention wao made to administer the GMZ-KHL 
ronjugate/QS-21 compoaltion or oth.r g.ngiioside con-juy^.te/QS- 
21 composition as combined ^u^^ t.c. patients afflicted with or 
suscet^tible to a r^cux r.nce of cancer of an epithelial origin 
(i.e. breaot carcinom.^.) because the quixylioside GM 2 ie found 
in the stroma of r.he tumor as tauyht by Irie et al - and one of 
ordinary ^Vi 11 in the art would expect that th. ..t.S bodies 

• . • -^^ ,-^fl<-t- with the tumor snd treat: Che 
producpd by the compu:ixt-Lvn leact wicn i:ne 

disp-ase • 

The Examix.er noted the. Applicants «gue that Irie eL <.l. does 
not supply the miesin-. teaching of a ceramide linkage and that 
Applicants argument, filed August 1, 2001 have been fully 
concidered but they are not perbuasive. 

Th. examiner furthe. stated that the teaching of a ceramide 
linkage is not udssing, and Irie et al. not relied upox. to 
teach su^x. The Examiner additionally stated that Iri« et al. 
teuuh that the ganglioside GM?. is found on or in tumors of a 
vrariety of hietologi"^>l types including melanoma and breast 
carcinomas (col man 1. lines 28-31) and that Applicancs h.v« 
provided no arguments fa. such. The Examiner chus .^t.ted that 
the. re^ecrion is mcintained for the reason.s of record. 
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llllillnL. respectfully tr.ver... tne re^ectxuu of claim 114 in 
Chat claim 114 ic d.penden. from claim 113 which, aa diecu..ed 
above, is clearly distinguishable o.er the combination of 
Livingston al., -Utt.r, e. al. (Seminar= in Canc.r Biol.gy, 
Liane el al.), Livingston .t .1- (U.S. Patent No. 
5 10-^.663}, Ritter et .iK (1990) r KeuMX 

al., and uemura et. .1- in view, int^£_^, ot Che mode ul 
conjugation recited in .iaim 113, i.e., be.wccn the 
ganglios.iH« deriv^tiv- and the Keyhole Limpet Hemocyanin, 
Which occurs by a cov.lent bond through a C-4 carbon of the 
sphingosine b..« ot r.he ceramlde porrion of the gang! . oside 
derivative Lo the e .minolysyl group ot the Kevhole Limpet 
Hemocyanin, iili£E£irL_Li,..^4 ca rbon i pre^^nt in ^ CH ^^x^- 

1. 51 M-r,. of rhc above-cited reterences reach 
[emphasis supplied]. N'-'ne ot tnc aoove 

or «ven suggest such a linkage to one of ordinary okill 
this art. 

Applicants contend, -uoreove., that Irio, et al . Hoes not 
satisfy the element (=) missing from the abov^-discussed 
r^f.rcnces, and thus Uoes not remedy the deficiencies of tbn.e 
reterences. Lie et .1. is simply c.it.d, as noted la the 
Office Action, for i.s teaching thai the ganglioside GM2 is 
fnnnd on or in lumo.3 of a variety of histological type., 
including melanom. am br.ast carcinoma.. There is no teaching 

_ . -4- -1 n= to the c]3imed mode of 
or suggftstion m 1/ i-« >=t al. a- 

coniuyation p.eseutly rec.it.d .n all of Lhe independcni: 
claims, including Cl-lm 113 from which claim lid depe.nds as 
noted above. 

Accordinyly the references as applied to Claims 97-99, 101-111 
and 115-118 stbnve and further la view o£ Irie er al. (n.S. 
Patent No. 4,D57,9:'.i) do not teach, suggest or disclose 
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aprUcLu.' claimed in.antion and tnerefu.e the con^ination 
doe= not rsndp.r obvious Uie claimed invenrion. Applicants 
r«..pecrfullv .^quear. th-.t tho Examiner reconsider ^nd withdraw 
this ground of r*jp-r.tion. 

AUdirional support for ..he patentabiUuy o£ claims 97-99. 101- 
111 1T^-li8 is t^xovided by the disclosure of sev«.al 
pubrlc^ciona, which provide evidence of uncxpocted 
in^unobioloairal rcsulu. achieved with the us. of composition, 
as rpclred in the aabj.ct claims. Further with .eg^rd to chose 
claims, applicants no^ e that the independent claims 9/, lU 
and lU have each been amended in subparagraph (a) Lo recite 
,aly the GM2 gangl > os ide, and to delere the recitation of the 
GD2 g.nglioslde. These amendments are not tor the purpose of 
overcoming the prior ...t, but rather Lhey have been made to 
prevent .ny overlap with claimc of on. o. more related 
appllcaLions to the present esse. 

or particular inr.reo. ie a review article bv P. Livingston, 
Ganglioside Vacr.ines With Emphasis on CM2, <^'^m^T>^r^ ID 
O^gy., vol. r:5, no.6 (December), 1^98, PP. 63C-C45 
aLcached hereto a. EvMbil^B. The a.Licle states, at p. Ml 
(in col. 1, 111) . that: 

Keyhole limpet heiuocyanin (KLH) was the be.^t ot the 
si^ ircununccnic carrier molecules tesLed in the 
mouse. The method of cyujugation was crucial, «nd a 
poteriL imnunologic adjuvant was required. 
...A v;.riniy Of different carriers and adjuv?,nts 
nave also been tested with gangiiOSides GM2 , GD2 
ond fucosyl GMl"'^*. in each case, the gangliosiHP. 
covalently attached to KLH via The. ceramide moiety 
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^"^"^ plus QS21 indorPd the highest Liters of IgM and IgG 

antibodle:s. 

The p.rticul.r conjug.':iou (between the ganglicide and the 
KLH) used with the present invention is described in deto.l 
in Hclling et a.1 . , ...car Ke.ea.ch, Col S.:l97-203 
(n.ing GD3 as the gangliosid. d.riv«hive) . A copy of the 
subject reference is .^r.ached her«Lo as E2*ifeit_C. The 
relevant disclosure i. found at p. 198, col.l. SIS, i.e. 
conjugate Prepeirat Ion" , and in Pig. 1 on p. 192- 

Additional di.clo:.ure.. relating to ^he claimed conjugation 
arrangement is fcu.d in Helling et .1., Cancer Research, Vo.l. . 
55:2^8W./H8 (199-'^)' attached a= Eshifeit^. wherein ml i« 
used as the gangliosiae derivative (see, e.g., p. 2703, col. 
1, 52) . According to r.he reference; 

Briefly, th-i conjugation procedure involved o2or« 
Cleavdg'=: o' the ceramide double bond of GM2, 
introductior. at an aldehyde group, and conjugation 
to amlnuly^yl groupa of KLH by rednrtive animaxlon. 

AS is seen trom tne teachings of the present application, of 
Which boch Me33rc.. Livingston «nd Helling are co-inventorc, 
u.e of th. conjug.itioa procedure as outlined in th« reference 
above resuU. in con .ugation of the. ganglloside to Lhe KLH 
through a C-4 carbon ot the sphingo.ine baae of che ceramidp 
porr.ion Of the y.ngli.o3ide derivative (e.g., GM2) to the 
amino.yl group cl th, • KLH, wherein Lhe C-4 carbon is present 
in a CH, oroup (I.e., and as a C=0 grnnp as disclosed xn 
the Lianc et al. reference cited in contoination to reject 
appl i cants' claims) . 
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Further ro the abc-ve, in clinical Liials meloncma poticnte 
vaccinaLed with GM2 KLII and QS21, made using rhft conjugation 
procedure descrihp.d an.l claimed In the present application, 
produced hiqh LiLr.h igM and IgC antibodies specific for Gm. 
Moreover, in at least ,-,nP-haJ.t ot the patients, Lhe dnti-GM2 
sntilDOdy response reisisted for more than 5 H months. Support 
for this io found, e.g.. in Tablfl ?. ot Exnibit A (at p. 640), 
Table 7 ot Exhibit C lat p. 2737), as well as in Chapman, et 
al; Clinical Cancer l-;eeearch. Vol 6:87fl-H7y (March 2000), 
attached hereto as Exhibit E- 

As these cited refe-ences provide clear and unambiguous; 
8videnr.fi ot unexpecteri impryvemerits in immunological results 
achieved by the con.|>osition and rrp.l-hods ot applicants' 
presently pending ci6i.ms, and furUiei as the scope of the 
sublect cldims is coi-mcncurate with the evirience provided 
thereby, applicant? .sul.mit that this evidence clearly supports 
an allowance or Ll^e aabject claimo over the prior art cited 
by the Examiner. 

Applicants additicnal.1 y note thp statement, at §12 on p. 13 of 
the Office Action, th.it the p^ior art made of record, i.e.. 
Haxlow and Lane, Antibodies-A Laboratory Manual, Chapter 6, 
pp. 84-85 (198a), while not relibU upon is conoidcrcd 
pertineiiL lo app.Licar.ts' dicclosure. In respon.sR thereto, 
applicants submit rhsi they have reviewed Liie cited reference 
and that It neiLlier teaches nor suggests the invention as 
presently recited in che claims, whether taken, alone oi in 
combination with .my uLher(s) of the cited references. 
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Supplemcjntnl Inf ormai:.!: ' n DisclosurQ Stgt^^p^nl; 
Tn r.ompLiance with the: I r duty of disclosure under 37 C.F.R* 
§1.56/ applicants direct the Examiner' c attention to the 
following ref p.rp.nne, which is listed on accompanying form PTO- 
1449 (Exhibit F) / a opy of which is attached hereto ao 
Exhibit G. 

Price, V.L., U.S. Patent No. 5,616,477, iocucd 
April 1, 199'\ filed July 1, 1994. {Exhibit G} . 

This reference was cit- d in an Office Action daLed Sepueiviber 
1, 1999 in a related application (Serial No. 08/481,809) to 
thQ present application. Applicants maintain that the subiect 
reference neither discJ'Jses nor 3ugge3to the invention claimed 
in th© present appl.i ^-at i nn, whp.r.her viewed alone or in 
combination with <±ny u.i uhe other cited references. 

A fee of ONE HUNDRED EIGHTY DOLLARS ($180.00) is believed due 
for oubmiccion of this Information Disclosure Statement- 
Authorization is hereby provided to charqe the required lee to 
Deposit account No, 03 3125. 

For all of the ri-i^jsr^n?; set forth hereinabove, applicants 
respectfully leques-t th.^t the Examiner reconsider and withdraw 
the various ground:*-; of objection and rpj^rrion and earnestly 
solicit allowances of i lie now peudiuy cldims, i.e., claims 97, 
101-111 and 113-113- 

If a telephone int^•^rvi -iw would be of assistance in advancing 
prosecution of the suMect application, applicanLb'' aLLuxuey 
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Examiner i c telephone at the number provided 
below- 

A $460.00 fee for ;i tb r-ee-mnnhh extension of cimei coqether 
with a $ieo.OO fv=ift tor submission of the laluiimacion 
DisclosuTR .C5hatemenu. for a to^al of Six HUNDRED forty dollarg 
(.S(;40.001 is deemed neccssaiy la connection with the filing of 
this response. Authuii/.acion is hereby given to charge the 
amount or Lhe required fee co Deposit Account No. 03-3125- 

Kespeccfully submlLLed, 



Applicants: 
Serial No. : 
File'^ : 
Page 

Invites Lhe 




John V^White 
npgistration No. 26,678 
Mark A. Farley 
Regiotration No. 33,170 
Attorneys far Applicant (s) 
Cooper & Dunham, LLP 
1105 Avenue of the T^ericas 
Mew York, New York 10036 
[212] 278-0400 
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—97. (twicR .meivled) A cumposirion which compri 



a) a coujug..te of i) a GM2 [or GD2] ganglioside 
derivative v.hich comprises an unalteted 
oligosacchaMH« part and aa altered ccramide 
portion cuiuprising a sphigosine base, to li) 
Keyhole Limpei: Hftmocyanin, comprising an e- 
aminolys-.yl >.|ioup; 

b) a saponin derivable from the bark of a QuiH^ja 
sapuiiaria M< linci tree; and 

c) a phaiiiia'-eurically acceptable carrier; 

rhe rel.=itivt. amounts of such conjugate and sucn 
saponin being effective to stimulaLe or enhance 
antibody production in a subject, 

wherein in r.hc conjugate tbft ganglioslde derivative 
is [conjugcttecil -r.y.^^un^ bound to Keyhole Limpet 
Heiuocyanin through a C-4 carbon ot the sphinqoi^ine 
base oi th>» ceramide porLiuu of the gangliosida 
derivative to the c-aminolysyl grnnp of Keyhole 
Limpet Her.,ocy?nin^_A£r)ere1n th^ r-A rarbgn i..a 
present in .a^_Ca;_a£aU£ • - 

— ill. (twiu« amended) A method of stimulating or 
enh^incing antibody j-ccduction in a sublect ^hich compriocs 
administering to tt,e subject an effective amonnr. ot a 
composition which comprises: 
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a) . cnnjug.ce of i) a GM2 (or GD2] g^ngliOSide 
derivative which comprises an unaltered 
oligosaccb.ride part «nd an altered cer.micle 
portion cor.,a-i3ing a sphingc^ine base, ix) 
Keyhole Lirr.pet Hemocyanln, comprising an e 
aminoiysvl qtoap; 

b) « saponi.. derive^ble from the bark of ^ Quillaja 
baponaria Molina tree; and 

c) a phj.rma-.-cutically acceptable carrier; 

Che r«l-itivc amounts of such r.onDugate and such 
saponin be;inQ ettective to aLimulate or enhance 
antibody pr-duction in the subject, 

wherein in ihe conjvg^te the ganqlioside derivative 

is [coniugai.ed] y^^^w bound to Keyhole T.impet 

Hemocyanin r.hrough a C-d rarbon of the aphingosine 
bas* o1 tr,o ceramlde portion of the ganglio^irift 
derivative zo the e-aminc3 ysyl group of Keyhole 
Limpet Hp.rnncyanin, wner^in rhe r 4 carbon is . 

• • - ru rrrouD •'o 35 to 1-hereby stimulate 
or enhance sntibnriy production in the subject.— 

—113. (Twice amended) ^ mftthod Of treatiuy a cancer in 
a subject which comprises administering r.o the 
subject an effective cancer treating amuunt of a 
cnmpos.i tiof. which comprises: 

a) a conjugate of i) a GM2 [or GD2] ganglinside 
d^xivarive which comprises an unaltered 
oligo5;,.cch..iraide part and an alrcred ceramiHe 
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Appli cants = PhiUp 0. Livingston and FrieHheim helllnq 

Serial No.: U8/196,3 54 

Filed : NOVKiiibei IC, 1995 

''^^^ portion comprising a sphiuyosine base, to 

ii)Kftyho;i.e Limpet Hemocyanin, comprising an e 
auiinolysyl gioup; 

t)) a saponin derivable frorr^ the bark of a Quillaja 
caponaria Mr. lina tree; and 

c) a pharmacsuti rally acceptable carrier; 

the relative amounts ot such conjugate and ouch 

s^^ponin beiiiq eriective to stimulate or p.nhance 

oiitibody production in thfi subject;, 

wherein in vhe con^luqaLe the ganglioside darivarivp. 
is [conjugal ed] — l^'^^l^ b-^'^^^ ^-^ Keyhole Limpet 
Hemocyai-vin i h rough a C-4 caxbun of the aphingosine 
E,ase of Ll).' ceramidc portion of ThR ganglloslde 
derivative to thft c-aminolysyl yroup of Keyhole 
T.impet Hemocyanin, wh^r.^.in the r-4 r^r^OU 1 s 
P^^.^r^ t in -.1 CH , qrmm^ so as ZO rheieby treat the 
cancftr in the subjecL.-' 
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GangUo.ide Vaccinas With Emphasis on GMl 



Philip Uvtngiton 



„^ *r tissue. Of ^eom-. . 

v.db«^««r mediated „,dn^oo ta- 

duedon wf «dbo<»»«« SJTln AmeHo-. 

ccrrcUted w«« '^^22?:^. S 

pl«, th« imf»un"»o«1« •"•"T^I*--, III trials Wl* U.1* 
^cc5n# arc ongoing m patic"^ . »„d N«w 

•r^'' . a 5^ antibodies In *e n«i-Htx of 
den C**"^**'/' 

TN 1975. Dr3 Lloyd OU. Herben Oettgen. 1 
tZm and -lanoma Iv^ace v...-^^^^^^ 
with v>uio« edjuvaixts One hundred len i«ueno 

S-^rehyp«>cn,mviry (DTH). .nd hn d^^ 24 

rvailAle) cytotoxic T ^■irfT':: L^^l 
<^n«s analv.ed." t»'el^ levels °^ 

patients, mUuslinf ^f^'- -» , 

ficd 85 Human leukocyte antigen (HLA) A2 
^srricted reactivity B^.U^»^ tvT«i«3^ .Jf; 
uent. these .cacrivities ^»er. present befoie 



Skr^riJ«Cm««. Oitr. I27S lofk A«. Ntw Y..I, NY 
^'rvi^ C 1998 bj W.B. Sawtos Comj«r, 



at 



imnvunittuon W 1 he iftitnuivtoilons had no im- 
r cytotoxic M\ rencdviry. V^ccje- 
Sduced DTH T«.«ion. were not Interpreoib C 
r^rspecifidty eould not be analy^J dcf^iuvely. 
sl£- responses agaiiut -^f-^ ^X^^S 
autologous vu.d allogeneic melanoma cells were 
in U P*^ien«. After extensive .^-^r/ 
analysis the only antigen. '^"fS^i'^*;:' 
Sn one pau-« -rc 

0D2. Tai et al» also fnand GM2 and CD2 be 
uniquely immunogenic. T«» of 26 patien« v^eci- 
nated with a .ui, of ir«di*ted allr^K mela. 
nouia ccU lines prod-.red IgM antibodies »gain»t 
GM2 snd two paucno produced antibodies agau«f 
0D2. GangUu4ide» have also bwn shown to bc 
effective targets tor passive 'tnmunothcapy 
nvelannma with oionodoiial «it,bodias. Majnr 
clinical nsi^owc* We r«ul«d W txeatment of 
naiicnts widv monoclonal antibodies agiiutftCMi. 
Gn2. and 0D3.'-« Hciice. bo* ncuV. and ^«.ve 
r^^.i^r>^ trials have ident^ed eanEliOSldo 
as uniquely effective targets for mcUioiw unmuno- 

'^oiesldcs at* neuraminic acid-<:onialnir»8 
glveosphingolipids that are anchoied into the Upid 
bilayet of the plastua mctnb«ne by their lipophilic 
ccrlide moiety. "Hxe carbohydrate p«^loru of 
BangUasides are pKSseni on the «uaccUul«t border 

If the plasma iuen>bt*ne. wW they are available 
for rce^ignidon by annhodies. The «™cm^ 
pngliosidcs discussed to du» review andthe close 
proTClmlty uf ihe is»«unogenie c-rtehydtate epi- 
topes to the cell membrane are demowuatcd in 
Figl. 

Trie BASIS FOR VACCiNES THAT INDUCE 
ANTIBODIES 

Antibodies ore the primary taecharvistnfor elimi- 
nating infectious pathogens ft«iu die bloodatr earn- 
Ihev are also idsally suited for eliminanon of 
circulating tumor cells and micrometastases. 11.= 
impottanco nf antibodies in mcdidtini protection 
from tumor recuncnce is v,eU doc«m«nred m 
exDciLxnental aixitnals- Experiments involving ad- 
^Sscrauon «f monoclonal andbcxly 3r6 agau«t 
UD2 are a case ui Adminisaatuan trf ifQ 

before iTioavcnous tumor challenge OT as late as 
days after wmor chaUenee resulo ui cortiplcte 



Jenwon n O-oJoj,. Vol J». Mo * (fW-nhcr). IWBi w *3^*<S 
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GM2 and Relaled Cancer Gangliosides 



jjrtKtiii^ Of gWtgntnW- GHlj 

m-L COS. ru««n 
€on»ratJofi of cerimwe inw th« 



Plasma 
Mnmbrane 
Lipid Biloyor 



FUC 

Gwa Goa <5'£ 




0 Glucose 

O N-acoTyl-Galaciosamlne 
/^/xyv/V^ Ceramide 



O N»acetyl-Neuraminic acid 



protection of a maiortcy of mice. «^'^'«8 "fj 
be wmparabU to w^tibody inHuctioti m or admin- 

TuS resection of J^c primory or lymph node 
in can«« such as oielanotna and -^r 

TTZi cancer (3CLC). ei«e in hoth cases the 

rier%1min;suacionof3r8«vc^ 
i^tumor challenge hod little impact on cumot 

"XStalso evidence 0!-^^^ 
sitting ar« associated wuh a more fevor- 

^'Kai -.bodies P^-^J^» 
befofp vaccination) have been cotre- 

ffrii^ant P-^'- ^ 
Lents wid. partneopl^ic syndiotues. tfv wlud. 
Sgh utets of mrihndies aEalnst «.«^ncu«l onu- 
3 ".pressed on particuUr cclU in ne,^ 
!y«em and «™in types of maio« have been 
i!«:Uted both with debilitating autouumune ncu- 
Xr.t«rdets and wid. delayed tumor p.ogr«. 
i'lnd proUv^cd ,u^v.l." Al«. patien. wg 
American ]oint Committee on Cancer (AJ<^; 

GM2 eanuliwide treated sr two different tned 
«^tXt had an 80% to 100% 5.ye« .utv.val 



me complied with the expected taw of 40%.>»-'» 

aa shown in Fig 

(2) iumOT vacclnc-iiidviced sncibodies against 
GM2 (:.ee Fi| 2) and several other melanoma 
nntieens at four different medical ceiuet*. and 
against sialyl Tn antigen in adenocarcinoma pa- 
tients, have cotrelwed with prolonged disease-free 
interval and survival 1'-*^ 

(3) Patients with Dulses C colon cancet rreatetl 
with monoclonal antihody 17-lA in the adjuvant 
setting had a significandy prwlong«l duwse tree 
and overall suivlval compoted wiA tandomiicd 

controls." , , , 

Hence, in the adjuvant seitini, passwely admvn- 
Utered and vaccine- induced antibodies have beeii 
shown to eottelare with improved dlsease-ftee and 
nveraU survival in the mouse and in humans. Since 
ihe great majority of cancet panVna are initiaUy 
rendered free of detectable disease by surgeiy and 
or chemotherapy after Uutial diagnocis, vacemes 
thai induce antibodies raay have broad applicabil- 
icy. 

EXPRESSION OP GANCiUOSlDES 
AT I HE CELL SURFACE OP CANCERS 
AND NORMAL TISSUES 

OangUoside wcprescion in a variety ot malipan- 
cics hM been d<>cumewed by exuacuoti. followed 
by thin-layer chromaiusraphy and immune thin- 
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n-nuP uv\ngston 




P,.--m» M*,ui N.«d • t^- ' 



Months After Surgery 



presence of lUWnl cr GMl/ 
DCC «»Ra«i«-ln'4ucad Mnicn snti- 

In AJCC taje «» iTwta««"n» P*- 
ti^ts leen « (he «aTnort»i 
SJ»«.»Uw«<ng Cancer Cwtef 
(l-tSKCC)" or the UCLA ^«*«oI 



layer d^romatogr^pby (ITLC). and by 

Xm, 25.1b These Tcsola --le summoruea m l»hle . 

GMf 0D2r^->d GD3. g^gliosldes are br<^d^, 

as well 8S hi 8 variecy of pntnar> bra tv 
tom9<. as W6» .„,ession has beer laigely 

acS S tc- «pr«sed only m .nd.no 

^ sTrorisinely. 0M2 aUu appear- to be 
Surpn^neiy. itholral careers 3"d 

messed in u»e niftj<w>'7 
Say .cpr«c« a broadly expressed anngcn. 



T.14. I. bv^^ Of G«.lli<«l<te "J**^^, 



Immuno- 

Tumor 



r^n^cA GKJGOl 17.30.59,60 
JCLC FucGMI.GDI GrurucOril 17.29.59.^1 

ora or^ 



GangUosides ar« »Uo ptc»c« on a variety of 
normal 0M2, Cm and OD3 are ev 

pressed on bnin celU. especially GD2. vrKieK « 
expressed on wtue peripivcrtl narves. l.lnex- 
pectedly. CD2 wai found to be ptesenl on some D 
IvmpKocyte, ir. the spleen and lymph uod« (but 
nnr in peripheral tlood) vuid GM2 was deiecte^ 
the secrcwry bordeis of most ppitKelial tissues. 
CD2 nnd GD3 were also expressed, thouKli at 
lo*Pr levels, in connective ussues of multiple 
oiEans. and GD3 is V«.o«^ to ^J^^'f?^^ 
subset of hutnan T lymphocyies.'" Fucosyl OMl 
was sppn In only .xcaslonal cells in the islets o 
Langerhans and some sensory neurons in the dorsal 

luot ganglia. v • i 

Thew is now sufficient experieuLC from clinical 
niaU with vacclnc-induecd antibody respntues 
against CM2, GD^. and seveml other nonganillo- 
side antigens, and passive adminUoation of mono- 
clnnal antibodies against GD2. GD3. and several 
other anusei-w « drew condusion.* about the 
u)nsequcnec£ of sntigpn distribution on vaiwus 
normal riMues. CM2. GD2. and GD3 exposure on 
cells in the bi^iii i.iid GM2 and sTn exptes-^on m 
cells at the secretory borders ci epithelial tissues 
induce neither immunoloiic tolerance not autoim- 
munity once antibodies aic pr«cnt. This suggests 
that In case they are sequesrwed tiom the 
immune system. Ti«.tment of patieno with ".ono- 
clonal antibodies against GD2 and CD3 has not 
induced CNS loxicity in cKildton or adulrs. indue- 
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^cuo$.p6 v^roNES WITH ti^^ CN cm 

tTJTo'nr S,rdc. of .cv.nl epithelial d5«es 

Le. expression, buc p,«found. ^-i^ ^^;, 
Led ncuuopcnia after «r.h adminunadon.'" 

aid fS««y^OMl all *ppe« CO be excellent t^e^ 
S active immunorhetapv wich vaccuie*. Smce 
;iphp«l neuropathy developed with only 
Lroclox^a -n«k«die. GUI but no o^- 

c„, end only at rhe higher doses. .l uiay be inr 
GD2 can also seive « » «»S«« fc- -"■•-^«<=- 
induced ainibodica. 

MECHANISMS OP ANTIBODY ACTION 

In geo«n,L incetacrlon of imlibody and antigen 
is wirhouc significance unl.« Fcmedxated second- 
ly lc^o: Schanisms ate activated. Oi> dv: b«.. 
of sn.dies of bacteiial infections, dve '""J^P™' 
«mt medumi^ of procecrinn by anabodies « 
^™,lement.r.«liMed attack and ly..5. IgM ant- 
bod^ bound to celU^utfacc carbohydrate .nr^ens 
5uch 35 B^glioidcs U the most ««ive complement 
^crivocor in th. intravascular spacc."^ -hde IgCl 
Tnd IgCJ may be tl» cn«t import^t «j.va«u- 
larly. Complement activ«ion at the cell surface 
mediate, infl-mnutorv reaction*, opaontfieotion 

phaexyto^is. a^ancc of ^^f--^^^ 

complies from the cim.lanon and membrane 
atmdc compl«-inediated lysis. Receptor, on 1^1 
.nd leG3 are also d.c primnry targets Wett^cw^ 
celb mediating nntibody-d^pendent -med^a-J 

cytotoxicity (ADCC) of ^^^.P^' S 
(rD64) FCSRI (CD32 . end FC5R3 (CD16) 
S a «^8. of .ffector celU mcludl^ 
especially natural kiUet celU. but .Uo T lytnpho- 
mes and cells of my elQid lirveage. re»« w,rh tumor 

clu-bound ^.tibodies. r.<..ltine in activanon of ju- 
l^erent cytom«c mechanisms in d« efFcctor cell*. 



It antibodiej of sufficient titer can be uiduccd 
ag.iTi..f cell-surface anugcns to eliminate tumor 
cells from the blood ond lympKatir systems and to 
c udicatc mioomecasrasts. as demonsoated In mice 
with antibodies against 0D2." this would dnminn 
cally change oui appiotch to treating the cancer 
pauent. Widx repeated showers of merastases no 
longer pa«ible as 8 Consequence of hi^ levels o 
circulating antibodie,, asgreaive local th«rt.pies d 
eswblished metastases (sureery. radiation therapy 
oAd inttale^ional injections) mlglu lesult m long- 
renn control of even metastatic cancers. It is al*n 
possible that complement-mediated inflamiMUon, 
improved antieen presentation by spccificaUy im- 
mune B lymphocyte., and dccreosed circulatvng 
tunioi antigen may facilitate T-lymphocyte immu- 
nity, as has been demonstrated iiv other sys- 
tems."^' 

IMMUNOGENICITT OF EARUY OM2 
CANGLIOSlOE VACCINES 

Initial clinical studies widi whole melanoma cell • 
vaccines demonstrating die relatively high immu- 
nogenicity of GM2 ganglioside, and the avaiUbil- 
ifV of purified GM2 g-dUgliosidc, were the basu for 

conduaing a scries of small clinical aials using 
puxifted GM7. for vaccine producUon. Seiologic 
response against purified GM2 and tumor ceUs 
exuiessing GM2 was -iie end point.' Etuyme- 
linked immunosorbent assay (ELlSA) resule. arc 
summarized in Table 2. In initial trials. GM2 miT«d 
with or adherent to the. surface of various bacteria, 
Uposfwnes. or proteosomes w» significantly more 
immunogenic than GM2 alone. Of these, the 
protcocome and BCG vtccines were most immuno. 
genie, inducing IgM antibodies in Ac majority of 
patlenu* and IgO antibodies in occasional patients. 
Proteosome is rhe term used to describe prcpar-- 
rions of the highly hyOiophobic outer membrane 
protcUu (OMP) of N«i«r»Tui irwgiodis. which 
naturally form liposome-like multimolecular vcsieu- 
Ur stnjcnires that readily incorporate ontigont 
containing hydrophobic anchor moieties such as 
gangUosides.^ In these swdies, it appeared diat 
pretreatment of pailenc wiJi low-dosc cyclophos- 
phamide uitravtnously (300 mg/m»), which was 
intended to decrease suppressot-cell activity, re- 
sulted in increased antibody titer* Bfemst GMZ- 
Ovcwll, BCG «aa the most effective adjuvant. 
Moderate-titer IgM antibodies were Induced in the 
majority of patients anJ low-titct IgG oi^ttbodies 
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« 

6 

5 
56 
( 
6 
« 

40 



Q 
0 

!M0 
iMO 

1/110 
1/160 

1/2^ 

l/frW 



f , GM3JCLWra>*i 39 

prptdns. - 




b — - 

were induced m , ;^ v^.M:pp wLchin 8 

sTn^ ^Tis co«i«enr with GM2 aaUvg " - 

;n?<^r^ent antigen, "n.cc w.. . 
^ iiese Wtial '~<li«* melanoma 
uon from , . ^^^^ developing 

GM2 ancibo.lv titers of sV^. tcgortiw 

Tliecxprc-, induced in patients 

jtJ^in of GM2 a^ibcdy u.ers 

rir.''OnehunJ.earwcnty«Ug^l.A)cC^^^^ 

1 * rNfiiriknti Nk^Ko were free ot aiscaac ar^«i 
- Sotnl.«l to .ccive GM7/RCU 

was a 23% increase in ihe ci.«ase-tree mtcrva 
TpV 004) »nd « 1/% inciease In overall ««iv»val 
(P * 03) m P«lenu who produced "tefS 



aeainst GM2 of 1/40 or more compared ^ih 
Jvribody negative p^rients. confirming ou. earlier 
experience (Fig 2). C«utp«in| the 
Sm2/BCG) and control (BCCO poup* and «^ 
eluding the six ffttienis wiih prcexwung GMi 
^rihodies from ii^^f --^T^ 
0M2/BCG group and five m rhe group) 
resulted in a 17% increase in disca5e-fr« mtcrva 
(P = .02) and a 14% iiiwewe in ovewll survival 
P = .15) for p«ientt with the UM2/BCG vac- 
cine. Howover. when all patlenu in dvc two 
rreatment poups we.e eompored » 
di«c increases -.re 14% for diSC^free U^^eiv-l 
Zi 11% for suTvi.«il in the 0M2/BCG «cacm.n 
group, with neidici »«uh aehUving statisucal 

Although these results were ciicouiaging. there 
was room for ixu,.ovcmenr. "^e IgM antibodies 
indu^ ^erc of only moderate ftet and shou- 
lived. In addition, only occasional IgC antibodies 
aeainst GM2 were Uiduced. To itrprove the immu- 
nogeiiiciry of tKe vaccine, we puiiMed wo major 
lines of endeavor. IniriaUy. we made wodiaeatioM 
in the eanglioslde sirucnire. This intended to 
permit d.e ganglicsides w he rerogimed as foreign 
Ld so result in higher titer antlbod o ^t would 
cross react with the original unmodified Bsnglio- 
side***' After on extensive series of trials, thu 
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>va5 abandoned, because Oiough higK 
approach v^a^^.b^ indeed Induced against d^e 
titer antibodies wew g^^j r«,ctivity 

^ 1 «^JlsSg by chcroic»Uy conjugarmg the 
3«.deT««ogenic earner protein and 

TH£ CMa^e^HOU: UMPET WEMOCYANIN 
CONJOCATE VACCINE fLUS QS21 

Followmg *t.c lead of b,rrerial polvsaccariJc 
vaLSth»a sh^wti that covalcut a«achmenc 

irpTta die Uighcst titer arfihody responses, *<= 
is ^r«^e «f eanelioslde conjugace vaccine. 
* immunologic afljovdiio. J . ^„__„,^;j. 
;«nin (KLl I) was dve best ot the «x immunogcaj 
S nSe. 'les tested in the mouM. the medv^ 
oSStlon -a^ ciucial. ind a parent .mmuno- 

w c adjuvant QS21 was optimal » 
homogenous .»poni« "^^''J^ 
torn the bark of tha f^>i^ 
ucc." Simple mixmre of OD3, M^i. 
" duri^l no antibodies. A variety of '^'«er^nt 
indorea "° also been tested with 

earners ^ ^^J^J^^^^^ ^ GMl In 

F^^diT c,«mid« moiety pte QS21 i^"f 
Sfhiih^t titen of IgM and IgC antibc^-^ 
Sn«?uently. chi3 b the approach applied to 

-7 Av.^ GM2-KLH rnn ugace plus Q5Z1 
::^Slf:.'^u^cs.dies.CMZU.«c.3^^^ 

JSLT^t GM2.KLH epitope r.ti« ^ d^e 
c'S^^re of ereatet th.. 600/1 war. .no.e cnnsu- 
ten lY immmiogcnic thaxv Wr ratios. The to- 
S ^dbodi« .-.re shown to be 
for CM! with minlroal cross-raoctivity derrcted 
«rnD2 and GM3 and no cross-reactlvity 

;Sed in immanlied patieno -era of th. IgO 



.obcl»«es IbGI and IgCS. Both IgM and IgG 
antibodies U. most patients «ere «ble TO activate 
; ;i^ment-mediated l,,i5 of 0M2-J^l.we^^ 
,ot CM7.ne8arive, tumor celU. and IgG nn^- 
i« from most patients were able tomediate 
aOCC w The median duration of antibody tiieis 
of V40 or greater induced by die CMl-KLH plus 
nsil vaccine wa* 6 months. Consequently, this 
conjugate vaccine was £• flear improvemeril (in 
tcrtM of antibodies induced) compared wtdj the 
previous GM2/BCG vaccmc. Thi^ provided rhe 
Usls foi initiatrng phase III clinical inals aimed at 
demonstrating rhe impact of vaccUiauwa wwh the 
r.MZ-KLH plus QS21 vaccine on disease-liee and 
overall »ui"vival. , i in 

In the Unitftd iitates. a tandonuied phase m 
adjuvant trial comFaru.g high-dose interferon-alfa 
veU die GM2.KLH plus QS21 vacctae is bemg 
eondueted in patients with deep A CC .tage U 
primary melanomas {>4 mm depth) or sr»ee HI 
disease (positive regional lymph nodes) by the 
Eastern Cooperative Oncology Ctoup. rhe South- 
west Oncology Croup, the Notdv Cenrrsl Cancer 
Treatment Group. Cancer and Leukemia Group D, 
Memorial Sloan-Kettcring Cancer Center 
(MSKCC), iii.d M.D. Ar.deiEon Cancpr f jmcer. In 
Europe, New Zealand, and Australia, rhe saiuc 
p,rient group wiU be i8x«louiUed te «ceive die 
same GM2 vaccine or placebo A trial m AJC^- 
stoga U patients with tbui piimaiy tumor* (2 w ^ 
mm) will be Initialed in Europe tmd the Unir-d 
Suites in 1999. 

IMMUNOGENECITT OK OTHER 
GANOUOSIDES 

CD2 , GD3 and 9-0-A«t2f I GD3 

Usine BCG, ?s adjuvant, we have Immuniied 
melanoma patients wldi GM2. CD2, GD3. GD3 
lactone, suui a serica of 0-acecyl GD3 ganeliosides. 
The rajults are si.immari2ed in Table 3. CD3 was 
nor found to be immunojciiic in any patient. GDI 
and GD3 lactone were found to be immunogenic 
in occasional patip.nts. suggesting that with a mwie 
effective immuniaUon app.oadi d«y ~o imght 
be consUicndy immunogenic. The O-acetyl UUi 
vaccines induced antibodies that reacted with die 
imir^mtring gangUosldes. but not melanoma O- 
acetyl OD3. -hich ia thought to be acecyl«ed at 
the 9 0 position of the terminal caibon." Nuclcai 
tpagnedc resonance (NMR) -dialysis demonstrated 
that none of the O ocecylated GD3 preparations 
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.. ij ewi^ roa. GDI* l-»co>**» '^^^^ 



1,^; g ten »gg^ 



O03 UctflM 



tteditnpeiVtiwr 
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uo an 
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1} 

3 0 

40 0 
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6 0 
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12 

0 ft 

U 0 



10 



4 

10 



160 



5 

320 
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5 

CrtO 



II 

W 10 
t40 Mfl 



^ for varrinc conscmcucu were ucecyUcerJ 
rSu^velv cr eve. primarily sc pos.uor.. 

^r/n^ with UD3-KLH HXii GD3 iDcxone-W.H 

sSvmatUea In Table 3. Once ug.u., GD3 
;"ove^ nonimmunogenm buc CD3 lactone .k^ 

Uc«ftc and mebftoma cells cxprcsbuig 

.nununo^cnlclry of CD3 "^^ 

15 thuugKt to increase immunogeniacy. as p«c-'- 

LiLt GD3 l«vc al» Ueiv inA.ced in some 

£.1 Jdbody BEC2« Cl«P«« a^nV,.a 
the mducri«.> of M^tibodi« «8a'"«i'D3 in up to 
S% of parieno vaccinated *vih BEC2. J<=p«d^ 
on r>>e adjuvaw used vu.d the toute of ,d«m...nr,' 

TrioU with GD2-KLH vacctao h^vc »bo =uc- 
ceded in mductag ancibodics detecu^le ^.g^inst 
SYftche;ic CD2 by ELISA » .g^insc tumor biopsy 
,^ cimen. by ir^mune thin layer du'^"^="_^^^; 
/nd against GD2.po>i"vc cultured rurnor r^s by 
(low cywutctry in*« majority of ^tienc AnaW 
,U of trials « still ongoing, buv .i « "Ircady 
dear that the antibodic* f.otn Ac mojoncy of CTO 
and CD3 Uctone-voccinaied pjrienis react with 
melanottva cells oTpressine the same anugens. 

Fuajsyl QMl 

Eleven patients wid» SCLC wbo were frep of 
grossly detectable dise*^ =.fr« response to mukiple 
iyclei of chemotherapy were imuiuiu.cd w.th a 



fucosyl GMl-KLH plus QS21 «ccme» All pa- 
tients produced Kish-rirer IgM antibodies (mcdwu 
titer 1/1 280) and 10 produced moderate- titer IgU 
antibodies {.»cdi»n titer. 1/64C) against tucosyl 
CMl. AntibodiM were also reactive with SCLU 
biopsy-derived fucjsyl GMl by i™c fhixi-layer 
chromatoB. »phy. and with SCLC cell lines express- 
ing fucosyl CMl by flow cytometry. These roulcs 
atp Rummariied in Table 3. 

FOTLIRE DiRECTlONS 
FOR GANCUOSiDE VACCINES 

While there is every indication that vnuuuiiiB- 
rion with these single ai.iigcns toay prove benefi- 
cial when adminietered ii» the adjuvant or minimal 
aueate setting, in the lon? lun polyvalent vaccines 
offer the most prwaiise. This is becauEc functional 
and antigenic hetwogenelty are inherent feawres 
of malignanclei and genetically based Uetcrogcnc- 
itv of rcsponsiveiiess is inherervt in the human 
iuimunc response. Only with polyvalent vaccines 
ean we hope to induce an iiuiuoiie J^Pf^^ 
capabU of elliiivnating every cancer cell. W« have 
immuniied groups of mice with mixtures of four of 
the individual KLH conjugaic vaccines, which 
were either injected as s mixture in a single syringe 
or as individual -^rrines administered to four 
quadrants in the same mouse, *uid compared im- 
mune responses to the rc«por«e obtained when 
mice were immunaed wirh a single one of these 
four compnnencs. No loss of Unmunugeiucity wes 
detected when fwui antigens were injeeted to the 
SUM mouse, and u»e of a single syringe with me 
four vafrines mixed together was as effective at 
inducing higU-titcr IgM «nd IgG antibodies 9p>inst 
each of the peptide and carbohydrate anttfens, as 
were the. other altematives. 
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,cnct not only wiin t 

'^'"^'^rS it has been quUc limited. An 
"5^''" i rm ScwncKLH crial Was recently 

preprint tO compare the i»m«noga- 

tZ^^Mc to induce mor« coitfistcm 
dve combination ^^^ "^ 0D3.posltivc tumor 

^^rtS if^^oWogy (Tabic 1) will 

flla ncuwbl«toHia. and pt«nary btam cancers 
XonSn on.v the ?angU»iUc anugc^ 
: k since we are ».oc .wave other je^ 
defined tumor antigens that are ocptesseU -t the 
S Surface and are avaQable (u. -ccinc co«^- 
^nn Vaccmes arainst neuroMastona and SCl-C 

on the other ^ ^^.t al5« one 

^lo^d at ie rell surface of thc^e canec« (je. 

i^JuT^id fot neuioblMtoma and i>eAysii\ic 
^ ol^ H «^ KSA for SCLC) as ptevluusly 

follow. 
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of B*M^*^^^ 

ACT 

„el. h« N*" that soot or j;"^ „^ )„ point IS 

i^l coigus"*- J^„d of Go, to the «^''** 



. ,r G »ndG„.hM been observed (4. 5). and iftesc 

approach to 8-'^;»«»' ^ „,^i«oma or oevtfoWastoma 

with n-Ab rceogniifltg Oc«. Oo^. °' - ^ ^„ « 
eresslon iu ,^'^? " ^t°:,;X«mpts to induce proJuc- 

uon of ganfilicute " '^/^^ g„, vaccines. P«lea«:* 

»ttc»p.s havr. been successful ^^^^^j ^^^t meU- 
^Uiimertcau Joint Co™^«onCJ«^^^^ 

noma, ater ^-"P^"!/^.^"" "l^^^ 



r$en»in Mbi«»l». *«^fc»>« i .mnnger antibody i«po»« to 
^0. these coajugato "^^ti,. .«»8'<ir«9on» 

^*ed uo. only » •"''^•^''f S"l«dVtgGl). « 

of T^U help, ^^"^ ° ^ *cy ... In .h. 

«uig booster iBm.»»^'«'" '•V„t.tt»n.s. TOs fflettod iS ippUcaWe 

- .H. immunotn^PT «o«. 



ROPUcnoN 

ecus S^-giLJsp^^^^^ 

.membtaoeUpidba.iyM.Tl>o«rt«n^ ^ „«,*fonn8uon 
,ri«„d toward .he. "J J'.t g«.«lSe glyu«yUuon. 

ro activate '''^/^"/iS.Wc cx,^^ 
oians i« dtered pattern, ^i B^f'^'J^ oelaaoma CD- 1" '^-^ 



iniibodies (10). Jf^ ; ,da»inistertd in the ««e >vay to 
"-ly rm'^romo uTSc. ^th the Um. vaccine, the ^ti- 

noeenicity of melanoma ^f^^-^^^l'^i^U.^oi.^aiy 
conjugatinB Gdj >»^<»' P"""' on its i™> 

ID rhe mouse. 



MATERIALS AND METHODS 



oligosaecharide) 



,U3lo«o-Kii«Hi«8f"ju>e«Cenwt,»J=» 

•21. . ^ G G«,Go,.»«»Oo,.«v«ciin--«.H.«.-.lh 



— — ■ 7 „ « moBoeleMl loiiboeyi MAP. m..Wi>te MajscBie 
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wujugMHi lU4wajfieBRraied mow laboratory pi). 

^ t^^^T-UckiB'W,' immune sera were also tesiea on pUua 
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L-u-IftJo.. S»-w«V^ld female BALB/c X F, mi« cn.. 

J^son U6ora«»iy. H-bor. ME) w«. ei«" «. i* inj"""" of 
.koeph-nide (1 < iiigAg) 3 days betoie «he BBi liiin.um»iio.. *nd *en 

Sons Of » va«ne 2 weete .pan « o**,*i3c «d.«..«L E^h va«,nr 
Ruined 20 « Op, « 1< <ii«*lyll«lOK "d W W " 

01 0.i Bl PBS. Mice w«. W.d fi,» d.. r.ooort.i»1 «»U5 before 
v,cdaarion «nd 2 v/eete afJK the lai vaccine injetuw ""I'S* m^'"'"' 

Coniueate mpannon. Obi P "S) Oi*»>"-* ^ 

2nerateaina»0I0BeEene.*»r(Ddl«d««rl«.S«I.ui,r^hiT".r^^^ 
™«ed ttongh die Simple for 3U min uoaer viguwu, »vu.u>8 p2. J). Tb= 
ace« „r ««« W.S *« dupl.-^ -iifc nitiOEen over a renod "t W 
Methylsulfide (100 ;il)>«s SOdeC (24). xd 0.. « ■» C frr 

STOple was dncd uoOc. . 50«« »f ««1 momimeri by HPTLC Tbe 

foUowcd by for 5 ml« and eeitrifugauou ai 20au x g for 

The «.be«n. was orefull, d.a>« off >>i di^dad. aod .S, a.«pl. 
dried under a »«.n. of ninogen. Qesved Uw wd MUye Co, 
separated by WU: (Wtos. 5y..e. 501, Milford. MA) .mlmng a C„ re- 
t«Lj^.haM <«l..mTi (10 X 2S0 lam; Raiain Iflstremenis. Ridjefi^W. NJ). 
GangliMlda were daied *itb • w»i»r.af.J«.itrile grad.«t and OOBI- 
9.id nm. and the fra«ota were analyieO W HTTiX. Fr.e,„«« d.« 
^iiucd -.r. e««hi«*d «,d evaporated at 3rC 8 ftota- 

Tpor (BQchi. SwtizerlanO). Qeaved Op, (U -8). 1.5 ~8 pr,..in 

c!nlc in PBS. «.<i 3 ng »dium cy^wbotohydnoe were Ineubaied unJa 
eentle agitation si 3rc ;o. 48 h. Afi-r IS h 1 »8 .odi«= T,=.nnhr,rohydr.de 
;« added. Tbe progress of CDireUflg w« monitored by mTlC C^-pro<cl« 
eon1uga«» aid uo. B»B«.e i« sd"™" 1 2 »ui '"iiaineda. tbe ongm 

Z a reordnol-positive tanfl. Tbe mU.are waa dUJj-aed «crt,= 5000 a«d=cular 
wtiihi euioff di»lvtie wbinE three cbanees of PBS (« liien eucii). a< 4 C 
lor 48 n, and pas'sed ihiuugb •» Ex«a«i8«I d««rg«wen.o«in8 (Pierce. 
Roelcfor H.) for final puriCotion of uncoojugaied Obj. Tlie ^nf\a 
lyophiliJal. and tbsir p«»«i<« tixf 8»glio«!de eoiuenl *a5 deteimmed by 
BioRad protein assay apd by Beurunlnlc acli) Owoiiuiudiion aecorJmg to ibe 
meilied of SvennariiellB (25). 



bo^ colosman as Oc^lbcd pcvioudy (19). Tbr r^tbohydniic was attacnod 
Z 2 mB Ulo3 b 2 ml PBS fox Id cby. at 3r C .fter stcnit tiltr^lon. 

dUialyUicise conjugate -cic purified by dialyti* arro. SOOQ molca^Ux 
SSni^^s^ds mcmbnme with tiacc cBangcs of FBS (4 Urc« cc«h) 
4X lor 4fi roUow-^ by lyophiliation. TVe preifiin and nftuiHimillc and 
r^ni«»i was aciennata as descnbtd Bbu^c DbWyUccto-^ ako conjt. 

?2nDurailihispT0ccdurcA'Bcreloylatcd glyapynnwyhmme dcnvaavwot 
d». oUfl<«accl.»ntie *w fonniul fizsu loUo«a ty amjuK^iion vU Miehw 
aflfliUOT 10 Mim^ gnwp3 of tb» protdn. Puriff«tioD and dctnminaMn ot 
prm«m and neanminic add CODtMl WW pcrfuiujcd « dcacribed above, 

DetOT^tioa of A»b^o^ Snhrlatsia. De^^ 
dasscs was penonncd by EUSA subdaa-apecdfie f»Wm afln-mmi« 
Unxnuftoglobulms IsT.l. IgGit leGtt, ano IgA (lymcd, San Fi^ucisco, 
CA}. Allmllnc ptuii/hituc-Uboled g^wii «d-rabbit IgG Mnvcd aS the Sigaal- 

grfterating feagcoL . . ^ i. 

FACS AftoJycis of Moiue Antiv.ra. A single oU suspeOSlOO ol ttt mcla- 
oooa ecu line SK-MH1^28 w«a obwuncd after trootmwt «dtb ai«, EHTa In 
PBS foDcwrd by pasjaet thiougb a 26H-gawgc needlt. Cdi5 (3 x lO ) 
Incubjicd wi;h 40 td of 1:20 diluud port, or prcimrauuizatio» scrum fcr 30 
iniD on ice. "Hic cells were wasHcd three liwca with D% feul ootf 5e«n ir PBS. 
TCrty >J of dUuted (1:50) fluorcficeiii isothiocyanatc-labeltd goal and-iaouse 
IgG (Souibcra Biuuxh oology Assodftus liic» Bunuagham. .aT .) *efc added as 
<«£DBdaiy aatfbodv. foUowcfl Dy incubaflon on ice fui 30 uiin. OJls were 
W43hcd three tim»c above and wsiicpeftdfid in 500 3% ^1*1 cait' SCTUm W 
PBS and analyzed Dy ilow cywuicuj CFACSom, Boctoo Dickinson, San Jos*, 
CA). 



RESULTS 

PrcportUoB and CharacterirntiAn nf GM-ProteiD Conjugates. 
Gm (bbm) ui methanol was sclccUvtJy dcaved with oronc ei the 
C4-C5 double bond in tbe ceramidc prtrtion. Il is assumed thai mc- 
thoxyperoxidcs arc fonncd as inTcrmcdiaic produos (24), and there- 
fore nicthylsulfida ^"as added »s a reducing agenL The result Of the 
cleavage was a Go:, dcrivsiive wlih an aJdchyOe functional group in 
the position of the fotmer double bond in Th#i ccramide portion ffifi- 
1). Qeaved Gn% mwrraied slower than naiivc 0d3i aud fonned double 
bands because the caranaide contained unsatiimted fatty adds that 
were cleaved simoUaneously (see Fig. 1, iwe/). Dcn&itomctric analy- 
sis of IITTLC ploies showed Thai jpore than 70^ nf Gbs (bbm) was 
cleaved by Uiis procedure. Preliminaiy cxperimcnis involving longer 
owae trcatiDcni hac simflar rceulis, iadicaling that ^0% nf Gpa from 
this source consists ol spbinRaninc orpbyiosphingo^e bnalOKUcs that 
cuuiain no oionc-dcovablc oeramide double bond. OMvage at -78*C 
with ozone ircatmcnl up to 1 h (depending on the amount of Otis used) 
was louud 10 be optimal. Cleovod G^a pe^ifiwd only in acidic ?nH 
neutral phnsphae buffers for up to 72 n» but with me formation of 
increasing aroouiila of oligosaccharide due to p -elimination reactions 
[which have been shnwn to occur much faster at aUcaiine pH (23)]. 
Ihe decreased bydntphobiuty of cleaved Cdj compoied to nativa Cpo 
nUowed its separabon by KPIjC on Cxb Itversed-phasc coluiims. 
Utilizing isocratic elurion wlih a linear waici^accionitrilc gradient, 
dcavcd Gyj wa£ recovered first, and uncieaved Gm "was elutcd in 
later fractions. Ihe ncubaUon of dcavcU Gds with proteins resulted in 
the fonnaiion of Schiff basefi between thr. rlwivcd ganglioside aivd 
£-amLnolysyI groups,. They were reduced wiib sodiujn cyanoborohy- 
dridc to form siablt eecondary amine bonrls (2R). The reaction was 
monitored by HKi LC which showed a dcacasiug iniio of the cleaved 
Gd3 to a rcaorcinol posiiiva band ai the origin, indicating the forma- 
tioTi of neoglycocoiuugaies. l Ue reaction was generaUy cwroplcicd 
after inujbaUOO for 48 h ai 37»C DisialyUaciosc readily retnov- 
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C^PttCrTBN COKJUGAiK 



FOB MQ^OMA 



HO 
HOHjC 



M I 




C 07 HOH,(; H OH 




H 



H oil H 



NaCNBHa 



Protein 



• ^ ^ excess Of Cleaved C„ -"^ w^^^f" ''^ 
l,y dialy».3. »<» 'I" "=^„^,g ,„iumn. degree of coo- 

was Oc«it«.»««« by « ''1'= , J,„„, conjugates, stowu ... 

yliactosc. w« ecuple J to P;°«J^^"°*S,g,^„ of tbe open riT.e 
l.od, reductive »mmadou^^^^^^^ ^^^^^ . i c 

nation Of the Oligo»«h^|^ -^^^^^ 



NfoTi* of these olieosacchaildc cofijugatc* 
dosed ring b* bio. annlysis (data no. 

showed reactivity wilft in-^t» R*'^ "I ^" 

Shown). ■ , R^apooac ognintt Go, hy ImiDuniza. 

toduedo.. '^^J'^'^'SS AUv8CcineSweieweU.olc,a«d. 

systemic toxiciij wg d uc« ^ ,^ 

is shown to Table 1- QS* *i i^UuvwtE with arnthct catbo- 

hydrate "^^6-^^' S^^^^^^^ ^^^^^ 



Vacnne + QS^ 



No. or uigc ^Kigh"*^ 



I5C 



Cm 



5 
5 
I* 

15 
13* 
lU 
10 

4 



033 
n.69 

L.0 
0.03^ 

NO 



»(3).0(2) 

0 (5^ . „^ „ . ,60 (3). 1® ^ ^ ° 

■ TSfiU wo ('i), 20 (3), 0 O 160 *0 20 <» 

4U.UC0) 3:D,ieUl4),W,a0.20C2>,0 

0(10) ^^9}Si 

2aoa^ 40(2\0(2) 

-jn.oO) 0(4) 

0(4) BTK^^ JO (2) 
0(S) 



Disiallylaoo" ™ ^^'J"**^ 199 



n^cihoa of Pny »ftd Lfllferiirt {2U 
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scdsstion. 



a i:z>Ni lor ^ second&rv rabbit anii-inuttse ann^oJ- 

^ with to be predominantly Of lb* 

la aa.u«. .0 inunuidnnon with 0,,3 "^J"^"*" "^^^^^ re 
i!h fi»,^liBOSa«baiide «ujagatc3 induced only » v,«k IrM 

"tl^'^ryJ ^eJ Saw »o«i«do» declined i^y ? 



«ft« the thW vaectaaiion of the initial 8eri«. IgG ti»«S also rose T,p 
0 '>.^»6cr.h.tl^dv,cdnadonand.«.ca^JJ^ 
fi«, boc^er vacdnatioti toi rapWly increased after the hnosier to 
prTvioTpc-A tit«,. IgG tit- rem^b-ea at this level for 10 v,ccV^ 
So fter if.«a« after We second Wcr * »o« Tl... 
rvScJ-xfer a second.^ in»-.e r«poe« .fte. the booS«™^ 
Zuon w« therefore exp.ivocal. TDe response w« dc*riy more np.d 
^^^c iniUal iinmum-iion «d lasted longei. hut the .naeasc 
HtftJ^ m hcoster responses secu wid. «l««c.l 

c','Sn Conjugates. spedfidty of the 

„ Uuniiadon with 0^,-?'*'^ -'j-aT °^^V£t ble. 
TyzSby dot-blot imff ..ne «aiaing ad mx: A« ««=pl« ^ J«^«>^« 
m« J staffl analysfa b sbo^ i« Fig. 3- Prmmmne seia and im- 
rr.U showing hisli G«.r,ubody «ite« it.. EUSA 
nitror..M05C Stnps tb« had b«u 5po«ed vnd> Gp, (bb-) °'- 
fmell aiid purified stnicturally related gandwaOes: Cm3. Gdj. Gdj.» 
Sd ^-^ txpectea on the basis ul U,c EUSA results. pr.m.,r.une 

,:o„^.h inHconiueMesoIGB3-ganjdios.de reacted w,thGB,^^^^^ 
(me irmu,.^) or Go, bu. nor w«h the Other RangU^Wc. 
IxeeDTG^ in »me cases. a patten also »e«> la tests of the tnout* 
SSl Ib03 antibody Ta^, the reagent by which ttet, «U Stu- 
C^ressi^ nf 0^ on hutnan metenonui cclb ;es 6«t defined 
m Xbe sane spewif-city pattern waa teen in dot-blot unmune Stain 
ca« ef^n from mice immunized with Other GD,-H'««i» ««P6»'«. 
ro2v ««pUon bci.6 high-titer ^era (by EUS*) 'j- 
o,tt»i«d with Gp,<BSA. which sboweo no rcaoivuy w.tb Cb, or the 

'^^^iSS^dfidty analysis of gansliosifle anUboJies i» t«ts 

0. Ussue extracts. Examples «r test, with high-titer 

1. :u.iunircd wifl, Gw-Kl-H 05-21 are 5ho^™ m Fig. 4. Tlic »era 
wrie tested at a dilution of 1:130 oa gm8l«'=>'J' '^'^ ?V 
braiu, neuroblastoma, and md^noma. as well aS Om (bfm) Oial lud 
b«>.n used for immunization. TTc figur. shows HFTLC gangl.o.-de 
nauei.;s of these re»B«n« ^'''-'"e '^^ resoronol. as compred 
Lith rhe patterns ol reactivity exhibited after «qK,sur. to «ra &«n 
immunized aiicc o. m.\b R34. AS can he seen m the resorcmol-sialned 
panel, the predominant aangliOSlto in the brain tisaue 
Gm.. Goi. Oo». end C^n.. where« the na.rtAlastoma extraa shows 
c", «^ Gm,^« addition, and the melanoma «t«« contour »a»ly 



Control 
mMAb 
n24 



pre/posi 
0D3-KLH 
sera IgG 



prc/po6t 
GOR-KLH 
setd IgM 



pre/post 
QD3-0MP 
sera IgM 



Fig r tte+k). Immune «ie uw; »JjMj^ 
pie/posdnnnuuiuaioi. suw '-"^ ""H"*""" 

niee. 



GM3 ■ 

GUii ■ 
GDIb 

G03(bbm) 
GD3(mel) 

0T3 
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to the braiu f^l^'^^^'S other eo.jogM« were t«icfl 
le same way (»t lo*'« ~t\ioh.iitcr sew 6o"» "i"' mnvmized 

ICUSSION 



•.r molecules wiffiow affccdug the relevant anngcnic 
'^Lri^"c .how. previously that moOlTcaaous of 
epitopes is ^'2'™''-, / conveDioti of sioJie acid ctt- 

bo«yl gfoup* to anuaes ot g^' antlbo<Jie» produced In t«. 

sponse to these Go, ''"^'^'^^'V"" . „.,,^ (0 the sialic acid mol- 
rZ (11. -30). Covalc" '"--f" "^^^^^^^^ rprese^ sn-dy. Our 
codes of ^ therefore iioi " „ JosaccliarKic (Oisi- 

i^u,l WO=>Ch r '^""Jf XS^TopS oSd ring CO V 

JtewttOBoftbert^ohydiiW mole^Tje^r^e and coupliui to 

gliosirtes by ozoBolysIs aud w*^'" ^ 3^„ed 

LmeO^c^h-otbee.^^^^^ ,/^3tahle. 

to the ''''«»'y<».^ alMine condition^ 
tnm^nuuou, '""'•"JJ'J^ bond would result in 

^ P ''^•'""i;:^ o«ff oCS sVowcd reacTvlty ^th 
CDjentihodies by western ow 7 j„g„es. Rowcvci, 

dominant epitope. J "th ^ lOd by FTLC 

"^•^ ti'rfs «rb. Se to it. telaUvcly unstable cature. 
could not Oe SbO^ TTu* * V«l^ of oUK05»cchQ«d. during rhe 
Std :rli 1 ^e fact that the Gp3- 
imnnine stain incubauua P'"°*' " pi^tc sufficiently 

jldebyde derivative may nc< adhere to the ibiu Uyw pi« 

j4,«d with '^-'^^ScfSr^i^^^S^ however, 
aearos.. eel or oa»er °'«=^"^f„fr^yoslde, to «nicr pro.ei« 

':i^»/Jer?asrl^t^ 

0«ee the conjUgiMn ^'^'^^^ othCB. Lowell «« oL 

ners*erccousiderod.b«edooprano«^^^^ 

P^- ir^lSTosvfSe system dirccUy applicable tu ijau- 

adsorbed RangUosivles °'7 J °* ^ covilent ao^ch- 

^"■^ -^'^ ''^^1. t":^- sS^tl eoojugatc 
ment was utilized » «f f^" „a the IgM response was not 

i"'-"':¥o:rs^;:*S^3'oS'S^^^^ 

..creased. t-OW^Sj"" in andgens (37), »«ul«ed in high-Uter 
be a po,«t «««;?;P'g'^^Km>«ne stains inoicaied that 
Igft andbodies Aaoiher wpeatog «ni« is the 

rpS^e?w!?d'^«I-ly increased when ±e5e cuustn.«s were 
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V J r tn Thft amino tcruiloAl tftd of ihc MAP 

response »8«"« ^« ^ „«lium-Uwr 

r«poti«. «^W«^"°^°i?"-^S^'ttpl« U:c high density of Go, 
IgM res|X>nsB and no IgO response, ucsf «»- 

.piwp« OD *«« ""^'^l^'be most eireaivc u> cnh^acine .He «id- 
body response 10 Up, to U« „.od;.cuon of IgM and 

complex, y of f^j^ J" , r^y. T^U sped- 

«d recniinnent of IncjU^lp ^J^^ cumbersome lo -otk with 
11011*5.111. very "f^^rVsacdveness carrier u. 

- probably -P°'^'J,'::'K wiUely .s«l as . for 

,tudi« to a fulfillM to some «i»ul 

lived. IgO ^^a.e IgM .cspon3c ooeurrcd after .Ve 

bet not completely, ^f^' P'^'^'^^ .^^^ witn unconju- 

r^^nse declined rapW ; Jj"^ ^ ,,,,13. ,.p«ted 
naduus increased ^S^'^^^J^^ ,ft„ booster immuDi- 

i.rrM.« in the J«;<J^ S^^^J't^L^ T-«lWcpcndcnt cnd- 
»iiu.a differs from *^ J'S^SenoTy induce U.-if. or no IeM re- 



were able to iDdti» a l.lgh-ti«r IgG respond .g^nst Gi» ?»riiosWe 
^^Idy. TKU «.*r-"^ lasted siffifficanfly lu..g« *' 
™^ aO was Ss>^ by additional vaccrat.ons. allhoutt Je 
r^nlc foUowing bonstcr vaccinaUons was 001 «;»ttpaiaWe « the 
rSS^Tre^ofleu^cenwithpr^^^^ 

n were nf the IgGl SUlldaSS todwales that a TcaU- 

&„d?t pt^way was ^cUv^^by th. G^-KLH conjugate vacane. 
J^lfrof a elJsi«.l booster effect, however, may refleetAe ear- 

.J that TcaU recruirweni by ganghosule 
Sed by the nance of the auUgcn i.3cl£. N.vetthel.«. rhe lu^-mer 
Si ie*P»»« 1«6-M«'^ TgG response to vacdnaut^u w,^ Cp3 
ri tJ »d OS-21 seen in these experiments represents 8 etnVing Btt- 
5^.;t°t'r'rr.^»se t« !:rconju«atcd «-EU«lJ-^ 
S can now form tlie tasls for wUuical trials of B»a8lios.de.yCLH 
^iuglteTcIca in patient, with «.nce:s that Show inaeased 
gliofiicie eyp rcssion. 
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~ i..;tv in Melanoma rawuw 

conjugate V--;^^^^^^^ 0S.21^ 

Adtnimstration v^ith Immun s ^^^^ ^^^^^^ ^^^^^^ ^^^^^^ 



F-803 



ir,?iiiv» ' 

T. Mowsver, the induced aniibwij 
tafih-tliw Cmj of a l -indepcudent response 



response WMa" a,.-ation InL-UftaiatCn^ Ig^ rwijA/..--. — 

' * " w.* G«» ^, p,rta,ts w,tn epitopes ate djatw^ ^h. *uc«ssful 



. was MO „Votb« EanKli"»«'=' " 

tr wflj-so** " 
avant 



,gJto.idc».whU:b include ,,,^,„ou of ^ J";;^,,,,, tW'-X. ^"'l ^ 

Jr 10% Of me wial (2). ^» "T^ei expression Of 0„. Ok. p„^„.ly 500 M ^ ,1" H^^t.nv G^tUA ^ DETOX. 
^, ,nd 9-0-iicetyl G„ (S-^-J^"* j„,i^ig active »Bmui>«.uon g kLH wia •"/jEJ.enTa.d.r-any into «aem,uej| wiU. 

FSW. On (be day « „^ ^ ^^11 p«p."tio«- 

.«.toc(firMvolume.a73nU)w«v^ 

. ^.k'.a 15 BMP BCU was p».«..»^ • o.l ml 



U., r.lev«x epitopes ate ^"" 7^ by th. .ucr^ul 

,0 increasiDg '^'"rf"" v2p« for bacterial iniecttons. I" »hc 

mon..e. we have s^"'*" 'S^ S Aa. »i« immunized wiiL 

W. have 60W begun lo 8"«S" ^^^^ ^ sju^jes wiift 
noma poucnu and ''f^'^JTcJniug^tcplvlSvaiio 
vacciie* coniaining Gm3-»1^ * 

MATERIALS AND METHODS 

- H., been ^scn-^cd .o.o.. 00. 



Vaccine mi-r.ao»»d*d«lniswanon 



^^^^ 



tftt paaenu W , *!?!,So' viable units pC BCC i. o.l «) 
added 10 "''O-s^J;'^^, „4 « *e 

(fi„»l volume. 0^6 

UeftK within 15 ttw-QS-^f**''"; j,,b/u «a i') 
Cambridge Bio«uiu '"«;^.l?:Xu\f«Uhr.,,.KUl.^ 
volume. 0.75 ml) '«'~*«d fot .-i >" 
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3^ from w^--" ^".S T»y-S»d» 
a p.cp«iJ by e.^tmenj 01 O*^^* J (S^p.k C..: Waters 



ItESULTS 

, . is«» and Side Etrecis. Fony-eigbt pauews 
vaccioe o'"^?^^ Gn^ips 01 6 patient 

PETOX and BCH. ana ju P» i„imi,uMi<iuoii of 

No local or syaww toxicity JJ^^^ in no<J«»« 

fo';S,«ioa«vacdrauon«- «J«^^^^ ^ „n cm of 



t^r^»u« !«0 (S0«1»«.^;'^\rir1S t^'diasea from fAOO 
„o»*lor»I mouse M) •« ki»«^ i-ov.rtcd bj 

famed tfW spoiiw o» ;:'"'^!!^^y (3). K«« '^""'^ 

«e,c visoJiizeo by sui-Ins 
Detenian»tionatX»OS«bcta« 

«,uid*o<»tDeO ptoe. CCo^'«»!*[2w «^ ^ ^.^ «ediujD alone W 1 1 

u 37^C in 8 COi iBe-b*""- J^' i^tor * h at 3r C Tne pla«e» *«« »P" 
8I300X jf..5m.^»t«l»n»Uqtt«Ml« H ^^^^^ 

jgfl tor ^^)t^a^^ teletw » " 

^,rifie lysis wMcacui..«J 

r ■ iirrir—' - "'q?^ X 100 



erythema aJKHflduiadouUto^y ^ ^^^^^ ^„ 

-4 SSd'; I'ttf' units tn one 

G BTial dose of 3 X ItT uniis m P ,»>^reiilosi2i exposure and » 

inflammation Uiuog z luoay* » ^^coo h^wlartip.^ axid W- 
tSLolitit « nther «^«^^-j;:-^^^^^e Vacdn=. Before 

AnUJWdy R«t"»n»f »* o were not defied, and 

vaeeinadon. IgG anUbod.eS Zji of 1:40 were 

UM aotibodles detccfd '"^ "^'^j^Jf _ "^^a^-- titer of 
3,0. i» tlixee p..ieBts. and two P^""^ ^-^ 

""^TM ^^t^lpM antibody Uteis dfter i»»unia.tio« w.th 
r" or^ J Ld MTOX or BCG were ^uue 

rt .VLiI and Q5-21 induced a conslsicm igu rcspw 

SI: rniy 5 of the other 18 patients r^x.v.ng Gm.-KLH 

vaccu.cs produced P"'"' ^^'J^^, agaitisi Gm, in 
Me.U. sejoent^ IfiMend ^^^^Wv- DETOX «.d 
patienis rcujivms ^ qj^ji group arc 

shown in ng. 1. IsM P^-J- ;;'?„'^„ p,u.„« re«..iv«8 the 
vaccination anrt '^^''"^ ""j!^ 

QS-21 vaccrne fo. at »c«. » ^^jST^^^S^ of VI 60 or 

2781 
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fof Cms _ immuTiiiaiion U**^) 

■ST 5^ — 



Vaeein* 
4Ut litCTS 

iiintittn 



150 

-no 



55 



10 0 
100,4000(10). 0(58) 

0 



\>V0f7) I 1*)'^**^ 



7390 
HO 



100(13).80(8\*0(8) 

2D(2).l0OV0C2) u — 

leo - — ^- — 



r^^le 1- The higher S Ttientt were tested). Sigmr- 

SS^ighcr man ^/.f " BCG = 0.005). In .he 




'snowed w=»k reacuvin, with =i5Ul>0.«. g^^g.^^ 
TgM astfljodies against Gmi »"« ' t>,, oiay vaseine-induced 
-t altered by 1---^"- ,„c,iv,:y 

(5 Dot blot iJiunun* . n was seen in the 

^n«n nf 28 ot' 30 pancu» .Td BO? «a « ^ « P"^'^^ 

1 of 6 padeiiis tfcoted vnth n^j-iuji w« .vjh and DETOX. 

the other treatment ^^^V- jj,^ iamunized witn 

PoMvecdwrno- sen., from We n^ *" u^cr chfo- 

m Why (Tig. "ti*"' ^"'"'^ 

r^tis.t^rse» - ' "-"^ " 

BieUnoma extract, P«='"*™'"' „r ,,0 antibodies, postvac- 
livity "^th Grtj. ' . ' dorian with Own. On tho other 

for Gm» and Goi- Antibodies. IsG "^"^ 

3ttbelo== D-ern,.naaoo or Ig& ^ 
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vaccine. 



■ ' . V B » « 1^ " ^,12^. -lAr— I rnrnornnr i 




DISCUSSION 

obj6eth'.)w»b«^«0"«*'^.''t'^f^ «naUosiOe» often overw- 

(5. 6) b». DO. On; o, 0 ^^^^^ ^^^^ , 

viiccines w«re mPitly ol tUt igw ,esiilied a>4»» « » 

.ton duntioD. boc«»r "-""S^Tto^^^^^^^ 

'.'t'^- 



ITLC of Patiant sera No. 2 



r 



^ ft'-t •p'^- 1 

"'tI^'b'a b a b a 6 a b a p a b 

flU cix p«!ents ly$»l OMl-Kof;" * ^^rfon sen showed no 

cyxo««ci,y with <»^P'-r;j^t.'Sd. Mo« dc.^l«<* ^-Oy ''^ 
cytotoxic whe« eo»pU'n«'" *»« : 



, inhlbitod 
ReeoreirKa UnlnWDlted jSSf 



InhiDitBd 



1 
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, t,. vaccine ^'^^^^.^^l:,^:^^^'^'^-' 

atterov" -"bacteniil infections. ^ 

jajor dbiiocuoD .haVii does noi Jcp^td o„ 

. « opposed W P'f "^'J^.fie aaugcw arc thyn,US mOe- 

i3 b^.<J on ihc ^„p.^ed hu«or»l immune 

, «,eU as a*y>i»« ' fiT^ b cells that tcspuud to 

.indepenfltni i"'«6'^/°;^ loog-livd, »d do not require T 
pp«„ later In ontogeny. arP \m,6ugh T cell* ' 

«IU rcpond to 'J^VfJJ^^tde^ood and dculy d» 

the MHC-'«»»"tiJ"^.houd. T^ells are no, mdbpcns^bl. 
to protein antigens. Zmus-i»dep«deii( antigens. anO- 

activity of T CP.IU. «an By ^ ^,„>pa w 

lars'--^ Of »PF-Jj'-^^^^^^^^^ ^^cn..-n>ey inclnde 

eomplexlng >«tb "'"^fl ,he carbonydraie ev"»P« '''' 
e«rie« (20). and «P»»«f,;'lS«d ^ «v» (.^-.Ued fflto- 

5«inrepUca, "«»'«^P'f"''t "*o/lies (22). Most of ap 
Ret 31) or ^"^^"^V'^u'"^^^^^^ L Lbohydr,.e.specil,c 

iches result in -t-;^;* ^^^^ J^^ promise in lniU«J 

itation, coviUcot ««<*'^"' "^"^i'sugEesteQ for l.ap«" (»> 

T^«P-»'»«°Vr'SuScScepi lU, bos b.« F-ued most 
lthendlsaccb^dee(24).«tbecon p ^^^^^ 

,wn to 6e Sde protein conjug- .ac 

E^ceEc-t «ampl« ^ J^^Pj^n developed «v., tbe h« decade 
«s. four v*ccin« I'*' ''•^^ protein catrtet*. «d ;h* 
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P-SQ3 



no. 



pQsNK. serum 



1,1 




i.l 

2.1 
0.9 
12 



.... i (ai^n:^;^ .u/>cto>i^^ 

' RedpiOfaJELbAatcr»5^^;^;^_ 
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Z 
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2 



ZU 

as 
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ZU 



6A0 
40 
MI) 

10 
10 
10 

)U 

0 
0 

20 

40 

20 

0 
0 
0 



J 


_J 


4 




640 


«aO 


20 


20 




6dO 




640 


10 


10 


10 


lU 


0 


ID 


0 


to 


0 


0 


0 


0 


0 


0* 


0 


0 


0 


0 


20 


?n 


20 


fiO 


40 


AO 


40 


20 


10 


0 


0 


u 


0 


0 


0 


0 


0 


0 



5 1_ 



70 
€i0 

10 
0 
10 



0 
0 
0 

3U 

10 

0 
0 

u 



ZU 2ymed Ubonwr\ci. tiw- 1-*" ' 



-Target < 

t/^»rrJiits ifiduced a much suongcr 
smdles U. children, all "'"^"Saie vacmcs mducc 

Lf-body response U^an -'""X^ Y^nlSldl fi«t i^xnuni^ed 
ocular interest .«cb*en,'non^^^^^^^ pBT 

OMPC (outer --J-^ErngTS"!^^^^^ ^ 
type B) v.eeu.» ^^^"^^^'"^ ^ven if cbaUei>5««' « »« al 
,hVwed an anan«teauc IgG "^^'^^rion *im the uncuu- 

j„ga.ed U .till far from clear. TU. 

iuterect with Hib ?Rr-re5pg™i Heoendettce tcqutf* a c"- 

f,ct that inceascd '"--J^'J tte proxUnity 
v^cn. bond ^r*: dbSSted, at i«s. not in tb« 

V.tween protein and rRP " • ^ „d biolopcal 

pbo^ of ^.rtger. P'^.^C^p^'JdSEFRr conjugate, 
.ftiiities ot andbodi«» b .^rSpond to the conjogate- 

iaduccd T<eU slg»<»l "l"^'* „.hi.»flt5«l sxnetience that has accu- 
H5„ PM alone. Dr^wicg on ^.^to" vrcclne. for boctatiU 

infeaion*. ba«f ««P.ored, "ri^J' *^l[J^nielan«u« gangHo- 
onr attempts to lnue«c "^""'^^^'^ ^ lactone, affide. Ot 
Sld». Chctnical 5,at were bigbly effec- 

aangliosidol fbrmauoa. P*°'^";~*^'" the jwibodies m- 

Vu. inducing »"^«iy«tS;'nX 

CTOSS-ieact with , • ,• „ J imtnunizillg mice 
«{m5cldng U„„ was ^''^'''P'V'.^ro , P*bbitE ixomnniaed wiui 
Clonal antibody « JSS/o") iTd imtlal studies of th, 

BEC.l produced anu.O^,»«»^^^^ 

iBimu>K,Btm«ty ^'^^•••^^"'j„"7,^/i„iti»l studies wlrtj Op, m tb« 
Regarding con]Uga« ^"^'^^l'^^'^. deyelop».nt of the cooju- 
oouse were '^.Spmeinfand choi» of 6. 

garion method; selecu..u f ^« J^l^ uvoNed olone 

lajnviiut (9). fke optimal buckbone, 
iase of the '«fJ=2°^t;^rcoilSl«jr.i«an,^ 

"SCS"-m.«mgirtdUoutcr»c«btnne prntem 

KLfi cauuuirtd ^veijy .rm . - repeats of a 

«,val«:t T^!^ZZ\^m fract^Tu purified from the 

juvant was QS-Zl. a H«»«8^;«^» ?^et~eteriMi4 of the anrtboUy 

^nse to secondary, rise of 

.,„a.d. a !"Si^itS'i2u,Stionf; (c) m.i«tcnanoe of 
IgM annbody iitert oft« bow i^un^riota for up to 10 weete; 
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3 by immuntoaon with anf ^"^ ^ „-c.duTe As iu the mowe 

p,„«) u,«re induced. A* titers 
.types were .be 3«n. « "Jj^ ,,,v of a clear bou.- 
dk unconjugated OwJ-f , ^ ,gQ lesponse efte' v»m- 

rfween 1 and 2 weete '*«'*'"^ns »ft„ * weeks, to tne „. 

^UBizauon 7„*:j;,^^^^^^ ,«P<»«e .he fiist tour 

^cclnations « *e 2.w«k '"'"^J^^^f^^'^Ae clas..ical exper- 
^..sc that U .een '"J^'^^^,^ i^'J^ieit, antlge..^, th. IfiM 

UisVlgG antibodies, "^"^^ FSoTthe immon,. response 

s^ro^::t:bte?.r'^U«e.i--^^--^« . 

snik to dewmine whether ^^'' ^''jf^ „oxe eSeuivc in 

iwinunogemc protein «ii.6B ai-o oonsifeot snnbody 

r^tise m '"^''^Pnl^ctiOO and luting of a polyvalm mel- 
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- t Antibodies against GM2 CangUoside by Brununiring 
QS21 Vaccine: A Dose-Response Study 



P. O. ^ i^.„Mo» Servicp. IK BX.. 

Tsnt. y«k ^"^'J"^ M ' W. B Ji.. C. 2. H. J- " 



ABSTRACT ,,.jn,a«ra trial (»'-O.L>vlnB- 

paUenis wUw were OT "^'-^ ant^hoAies. Hiai vaccine 
fom«Uo»« .-jj^^"^^ i„ 10^ of *c p*. 

indurea IsG A. lowin vau-^toe dose that in.liiccd 

consisteiil, U^-Wcr ^ frw of disease after 

^section but at ''isA^ « g5S^« . 3, 10. 3... or 70 
on *.«Va •Jr:«l V* tested far antl.GM2 
^libodic^. O-"!* d^velced IgG antl.GM2 

"•"J^ ""Tt fte aos. level. 50% nf tbe padents 



indiaite Uris f»ci- . , wSmie Gn.ni POl CA33U4SI. 
eeulicals- 



TCT.H/OS21 fonnuIatiOD IS more limuuDogcaic than our pre. 

ft gain st GMZ* 



"^^^U?i^S«^<^ expressed ^ of «o« 

, JimM and b« be« dc«oB.mit.i1 w be inunwiogemc U. 

r'n^P^v^o:^ studies. «e dcn.u«.«r,ud ^ 
tiVJ^Z wcic frco of diteas-. *te complete surgical rwee- 

St„ iho Jave Mtuial or v.^e^duc«i »tiW5«s to 

^M. JTonVd^ »0t»>«»cc ^uWic. C->;^^-tra??'p^n^ 

src.'S." ScTtj;^^ "^^^^^ r 

r> Taoi ta approximately 14% patiaits. but rarely 
Sod i -"h<3i«^^^^ Cai*;axi™«cly low 

inducoa igvt Althoiieh IeM aaulwflies are po- 

t»i>t m«d«atof<: of CMC we ny^uu _^ 
ioOoctiOD of 'fHoLSf ^r/op of IgG 

rSS^V; l^cpUope^«^.ov^dc*oapp.opri- 

tnuiiuaoglobuUo dais switching. • . ,„ vi u a 

To address tUs CM2 conj«e«ed to KLH. a 

^JV^I^Lwn to provide r-en IKIP "^-'^ 
with adV^v»t QS21. a s.po«io facnen 

l*^r«y^nd induced compleme"t-«.odiatcdl^^^^ 

-»r fit»« > 1 -80 when U<»5M of QS21 ^lou p g 
lir^^^J^r-^^iS^'lld cotisistently t« .duccd 

''•H.r'Sc-ivc of Ae .-.n^nt trial was to dotcinur.. *c 

dose of OMi-KLH ro4-U;cd for o -~«»«> f 
^aiiU IgC -noWy re^"^- IS one of me fir.t 
i«r.e SWdies carried oul iu patieKs reee.vag » defied 

Phft<ifi in trials. 



10 «. kcyhok limpci ncmocyaiuu. ATJC, 6r« . 
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* vaect ag — 
Dosetevel fate at : ^ 



TnW/2 Parient charaeicrisncs uf 32 paricnta tr^ai»d^ 



1 

JO 
30 
70 



jurt r^ftr ID adnuidstraUon. 



10 
10 

7 

52 



MATERULS AND METHODS 

P^ir"A.T^iTIl QS21 ^.wV.i«r,triy. For th«e patl«.*. 
t*<SSS^«d nJea Vy *- ph«.«.'^- 

prior to admiiiisxjttoon, 

^*^'f^fL«« wieh America. loin. Conunittee on 
ffl oS « deep n (^4 nu.O. wh.. 6.c 
Cancc "Ti;" °^dc3l r.«cTi«n »eR eligible. AU of . 

of disease alter ''"^r' j^.^^rf J HQ.pitJ P«h«l. 

'"'^l io ninths if iheir nsK ol relapc *m » 

f»^irln^7ac r-icn« 3is„.d writt.- infbrmca consent 

statuS W«.ff " J^ous 8 week., or if had » mcAcd 

^^S^V?;^ caniea' «.dcr « IND ftn.r, the Uniied 
c ^ .S^ilomg Admiidstratioi.. Wiffito 4 -ceto of 

^''^^I'n^ !Le .<tai«*««d V-y the Qiflical immunoloujr 
CadenlS were awiaed lo eacn oi v 



Siaee 
n (>4 mm) 

m 

IV 
Ooidcr 

Prntmy tile 
Tnnlt _ 

Head/nctii 
Uakaown 

Metliau age 

UtOau OPK in mosihs from 
coBplaU l«>eet>«" <>"<>1 ^t 
vaixuK (tMigc) _ 



4 

39 
9 

34/18 
24 

6 
2 

3.7 ttl-ll) 



which *e GNU-KUI cou>»aa»rio« ~« '^{""'f J'l,";" » 
GM2 do!, of 1. 3. 10. 30. or 70 |lg CTBbte ». All of the 

OsTl w«e prepared i« .ep*"'" v«als »I.d imxed ju« prior i« 
S„e adnSiUon. Using ^K'^^i^^T^ 

Prior «, each vaccination (including pr«i«u..cnO. a»d on wecta 
To 18. 26. 30. 38. «d «. In addinnn. setvm was coUec^3 
i." 6 months after toe 7a and Cal veecma^n. A^a.OM2 
^JlLic -cxe m«.sur=d ..^ng an EUSA method II, « 
■ SVangUoside is adsortxd to 96-woU polyctyreo^ ™« 
S«« T^e r«naimnc binding dies on mc plate -etc Uockedby 
PBW<iina>veen lo buffer. Serially dil-ued paacDt sera « 
SS" added, andboutjd antlbod, «a« 

f oningated to alkaline phosphataae Plate *«• t^^^^t «5 
n-.rfuophc»yl phenol .uWe. and absorbance was i«d at 40. 
KSi a ejection of 620 nm. Andbody «ter drfined as 

SrbSfe or 0.1. f«oied hum» fmm p«v,o»sly vaca- 
^aSTp W< wi* a taoWD anti-OMZ anUbody nte, or pooled 
nS huni... »er»« with no «acdv.ry woe used as 

Se ,nd nejative controls, respeoivel,. A 
[eal re^iMuse -I dcfio«i « an »nri^ nter S 1-.80 observed 

at ru/n or moic oinft poinis. 

•nie «.ibody .itw ploffPii vmiu time were also an^jxcU 

the AUC USiig Pllsi. version 2.01 cofto^are (Gr^ph I^d 
30^. Uc. sL ni«EO. CA). The AUC of a.c 
response was considered to represent d>« over.11 exposw to 
.nii-GM2 IgG or UM over ome, , . . nu 

lyvfC Assay. CMC asaoys were petffwmed by the LDH 
„l.Jf^«tS^ ffloSnser-Manimei.u). SK-MEL31 (GMi- 

culture plates and incubmeU ^ 3TC o hu^d^ CO. 

"toeLman serun. cotnple.ue« «»a«d (Sigma Che^cal 
Co., L UuiB. MO) w« added alonR with the pre- posom- 
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10000- 




:r t r^v'lsM f . peak IgO 

«,n, to He leaicd in dnpjieaw »eUs. Thr. pOSUm- 

TJ^^Om for eachpad^,. Rolh th= comple- 
'''^ iKi^S^'^'Trused « a Bnal auudon ..f 1:10. In poewv. 
T!!rT% NP40 w« add^d to mB«oie maximal release. 

The ,r»o.f«T^.rt to a 96-wcU KUS a plate rui 

fantswereiwuvveaonoaw it,, oiar^ was 

1 I nH lubstrate/cataJysi waa eddcd, and piar« was 

a to JpostimmULC CMC n.«lc 

(Postimfflune ,er «.uLDH '^«_"^^^.^^^^^ i,»H 
— — - HP40 LDH i^leasft 



im 3UQ Wpg SOTO 70wg 

vaccine dose levd 

rji;i ITtt AUG MS calculated for eadi ji-iieot up to w..k 30. He'ghi 
^rt.^.-"!^™" 

munL and compteheosive sci«uj.6 P«>fi1« «P"";f *' 
time of *. 5* ^ irh vaccinanon; a« e'^"^':^"*^^ 
rtpeaiea « the toe of the ith v»ecm»on. Tn«aty was scored 
using raadarrt criteria (10). 

RESULTS . 

Patient Characieristics. Fifty t««o 
on .W. trill brt,veen Januarv WSS «.d f.^^ 1990 (TaMe 2V 
in«^ 34 .«e= «d 18 women. Mo«r 05%) of *e patienB 
iL^^erm melanoma: Sft md acey s»gc ""i 
stage IV. 11,0 poticnt* h«l free of disease lor a mefllan oT 
S 7 monihs bsiorc hegtonms U>c tnd. _ 
■ 6croloBic»llUr.lK. Applyins ngoroas flefimuwus of ic- 
spoDse^IeWed in "Mauriala ».d Methods") R8% of the pa. 
6»«X>™7.cd iD this study developed au IgM ieopo«s. 

p!,v ,nd.GM2 titen anainefl at eud. dose level. For IgM^ th.. 

peJc *«r- nnsed fr«m 1:160 to 1:WU; for lg<3 *e 
^£ Sk tters laaged Ir«„. 1:« to l,6iO When ^mj«n^ 

^dJlgM «»ponse y = O.va: X») or IgO .«voo3c (P - 0.19, 
S^U.e ^pleratofl. aiulyris. " appeared that there were 
fewff ^zG responses at the i-|ig duM: levd- 

Aa AUG WDlyris ^^a5 i-rfonned for both IgM and IgO 
.„ti^M2 responses on each parent «»«il ^o«k 30. ^d thr 
AUCs « eaeh do« lev.l were compared. l"Or the IgM ai.U.0M2 

TespoDse. mc mean AUG at the l-^g docc *^ 

Ac meaa AUC « .ny of the Other dOSe levels (Fig. 2). -nxe mean 
AUC fcr me IgQ lospowe w« also lew« in patsents «ated « 
1-S <3os« level OOinpared with «fte mean AUCs .t the other 
Jose l^els (Uau «o. ,ho»,). b« tfc -Ji^'-"^ 
dcally rignificanl. There were do dlff««ia» « the AUG for A. 

othtr dose Igrtls. ^ , , ^ 

ffivcn that the 1-ug dose level seemed to have a low« 
roftLSJlgl .e^'nst GM2 and a lower mean AUC 
Lthe IgM response, we cu..cluded that the l-M«ios«l'^«'^-»f 
!L in-««oB«le rh.n the oihe dose levels As a rcuK «c 
focused on tne 3-. 10-, 30-. aad TO-j^s l'""^"- , ^ . 

Be 3 «h= medtan aati-CSMZ igM and IfiC a.e« 

for padei.u. •um.n^.Jacd e. the 3.. 10-. 30-. and 70-^^ Qose 
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c*vA level. admiras^"" 




1:«0 
1320 
; i:ieo 



90 30 



/ rtf^c^ levels dicr« was a coc$'«'ftnT IgM 

^^^4 tied ror ^ final immunuv 

xecponses ^ after me tort iininum»..on). 

^111^ Ao*ed the IgMiesponse i.eni«c>l .n 

*c a«n-OM3 -^nsc induced » pa- 

foitnulcaops. ^^^^ ^^^^ 3^ 

30 „ complement (Ftg. 5). lu 9 of 

bind mdaiwiM ceUc ana y increase in 

xh£ 18 patiems. the posrvacwuianou sera -ho^i/ee 



l:1280 
1:C40 - 




B 



2 vial formubGon 




S "id. v.«e«e fem.«l...d i« 7 vi^. in «hich <he OM^-KLH »n4 
Qb7I v)»le<l sepwBicly; •. Bd«i>iiii««i»don -sf v.eetne. 
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. r-Kc>.Ki_H QS21 Vacdnc 
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'i 60. 
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in r" 



JLLi 



■iGMZ^ceU lit 16 

□ GWE cell line 



111 



2 3 4 



8 6 7 6 9 



10 11 ^3 1A 16 1? 18 19 20 

Patient? 



Fis- S rMC of sera from paucnii imnium«a *t 
(he 30 « do« Ibfi increase W CMC 

agaiwi « CM2* «Il "tB^^ia i^^Naccmtjoo seia 

of against a OM2- i=U loiBct n po=iv^a. 
n^rinn «n cOB^aTtd prcwammi Data 
for padenii P nnd 15 «e oW available 



^ f ^ nrnffcaimen; thai wu5 specific for ibr. GM? * 
CMC ^'^Pj;;=l';;^^S^«- pntSents^here was either .iu 

flu-like sympton.* ^^rH™^m,rii=«r moi= «.ver« 'h>n grade 
2. wa r«dy V^'^i^on,. patient with a 

gi»ac-3 b'-f ebs.,vation that there waa no 

"^'^^^S «lat«d to vacr.ine eccuned to four paneuto. 



ninl "nfinn. iat vacciaau»B mcl^«.«a p»- 
dent? wth G'^Z-tOJI 

^aveloped M-^-^iSs^mies almost exactly u<* the 

TbTSI pr^Sous Uials u«cd >.c».c pro.u«d 
7). BW8US . ™= P' p i cuneiu tnal used 



ODStniKS .Hat suesequcul loo cf the vacon. «nh« produced 
su««rf«uy ».d th.. the ittanunoecmaty is reproducA-U. TJo 
result! also ihow that a.c >.cel»e eaft b« fonn.0.rRd niher ^Hi 
0S21 or viiled wparately and nwed with QS21 j«« pn~ " 
?^UUn. V.[r.vcr fo»uladBg GM2-K1 H and QS21 m 
separata vial»b«ause of improved siatUliy. 

iJliS is one of ihc fii« cmcar v»£ein? tr!,!, 10 caploie dose- 
,«poB,e effrrrc usine a defined antigen. Our pir.ious tnda »«d 
oi^-KLH at a OM2 do^ of 70 k8 »1 demonstrated that aU M 
4. p^ent, developed 1?M aati^NO '"^J'^J^^^ 
a„d-QM2. In Hu. tan«t trinl. 'v. ha-e rotated GM2 doses OJ 1. 
3 10 30 and lO lig. We conduOe (hai Oic immunosemoty ot 
OM2-KUi at o C3M2 doao of 1 M « »'H«timal based on fte lact 
*at the l-iLE dose was less likdy lo ta<lu« UC «>n-GM2 
Codies. Tte ...can aUC for fl« -nJ3M?. IgM antibody lesponsea 
wa« lowest for 6e l-W dose lo^eV «hlch in-pUea *« ihu 
aose l«.ili=l in the lowest \.vd of iiimor<ell c?pc»uie to ai)0- 
GM? tmtibody. At the Wgher vaccine di*es (3. 10. 30. or 10^&. 
©ere w« ao vP««>» diff=«»" 5" immuDOgeniaiy of fte 
vaedo" Peak til«. AUC. antlWdy o>« «0 weete. »d 

puceui «r non,espoi.di«s padent? were tifflilar at Ihe 3-. 10-, 30-. 

and 7<Wii* dose levels. . . 

L-^Iticpta in»nunia*d at -Hp. 30-uE dOse level. 50% oTthe 
patients developed antibodle* a.at feed compUtnwrt aad r*.- 
Llirf in CMC ogainax GM5.* mdanoma. CMC acDv«y eone- 
l„ed *iU, peak im anti-GM2 Gt«s =1=6*0;7^= '""'tir"; 
d«i uiunaniaation induced «nii-GM2 antibod,es capable or 
hindine cell-SUtlace OM2 unO ..lediatins , 
Ib a Iwsi oncrJialf of the patients, the ann.uM2 andbody 
r^spoa^ pets-stea for mote auu. 5'/. month.- ™^;' 
wi* the notion *« ihe KIM eanier pioteui ptovjfles suffiact 
T<dl help to induce a more K.olongcd antibody r^pooM ssmnn 
CM2. It ie abo impofMnt to note fliat panents ai me 70-ji.B «losc 
levd received a ZVIoU lUghor KLH de*. eonpaieil »«th pa&eots 
at tb* 3-M dow. iftvel. and that this was not associated *ith any 
excessive to;deii, u. deowied i»munoB«irity This « reassunna 
05 w. eonsidef r^nsmiction Of multivalem vacone* wouiaunns 4 or 
5 andgens conjugated to KLH. Our reaults !«ge'« «hat (hese hieher 
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ABSTRACT 



NoYcl fusion proteins thai enhance the immune xcsponse of 
an aniigcn are cllSclendy expressed and seacual by >cast 
hoiti cc&s. The fusion proteins are tecombioanily made by 
fufiiflfi ihe 3'-cnd of maiure GM-CSF DNa icqwnrA rn ihc 
5*-ciivl uf iu aiiugen DNa sequence with or without a Unkef 
sequence. Mcihods oi exprewioB in ycasi cells are provided 
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kusjum fkoteumi comprising gm-csf 
and antigf.ns anti thf.tr kxprf.ssion 
in\tast 

cross reference to related ^ 

APPUCAnON 

TWs ;ipjiliraKnTi is a ronrinuaiton of application Scr. No. 
08/271,875, filed Jul. 7, 19P4, bow ahaxuiontA. 

10 

DACKCROUND OF TUZ INVENTION 

The piebciU iuvcdtiou lel&ici i^t^iici all^ to the constmciimi 
0/ fusion proteins ihat enhance ibc immuoe reS^tODSC O) an 
uiti$«n and are effiri^^tly express^ srul w.PfttrtI hy yrjisi 15 
Losi ceJh. Mozc siJCCtficAUyt ihc invcnoon rdaios to yu^ict 
recombinant cxprMStoo systems for producing tusiun v'u- 
ifiins mmprising a £raniilocyie-macroDhagc colony-Biimu- 

UliAg factor (CM CSP) domain fuced to a tcUcled anUK >fi 

domalD. 20 

Technologies fnr fhpt ef6n/9ir prfidnrnnn of largo quajiti- 
tica of antigenic proteins for V»3e OS immunoBoni; have bren 

sougbiror many ycare. Genes encoding pro tcui ajiUgcus and 
frogments of antigens comprising paziicular epitopes h.ivc 
been ekpiBsecd in pnJtaryotic and eukaryoiic cell cipres^inTi 25 
syGLcnis wUii voijring dc^^ of aucccu. lb elicit an unii- 
body icsponse in animals, aaministraiion of adjuv^nis, 
TTpfOiftrf artitiinistraiion of the expressed protein, or hc»ih 
often wece needed 

Certain roaicrials have been shown to nave adjuvunr ^ 
activity, including fnr Mpmplft alnm, fragments nf bacteiial 
membranes, lipo»omc3, coupling a protein of interest \o a 
larger imoiunogcmc proicia RIBL and TltcrMax®. Of oi i wf 
ihcm. alum is the only a<liuvani licensed by thi: Food :ind 
DAig Administration for um in humans. Some invptTigninM ^ 
! huve aliein^U;d lu chcmlually couple edju^ent} to anti^ais. 
Such oouplinfi involves tjarsn ueairacni and oHeji results in 
deiiiuctiop of 9 pnrrion of tbft flnrigen and reduced anliue- 

Some cyioWncs. e.2., inteHeukin-d QL-d} anti GM-CSK 

Atlrftct and activate 9ntigen*presenilng pr.lls fnr mfwr. r.fTl» 
tiuiii yicaeiitatioD of utigcns to T cells. These cytokines 
tiavc been co-administered vitn antigen to increase nml* 
geoic activity OMicr sindifts have nhown thai the huSt 
response to ia«of chdlcBgc con be increased by inoculation 
01 tumor cells geneilcaUy engineered vo express paiatuiw 
• cytokines, including Y-INF. IKF-o. IL-2. IL-4, IL-0, U -7, 
orGMCSF. 

' Further, l^o and Levy [Nature, 362: 755-758 (1993)) 50 
j created chimeric tutnnf idiotypc/GM-rSF fiwion protein s as 
>iuclncs for B*ccll lymphoma. They crcotcd ihcir fiinioa 
i proteins by constructing plasmios with a coding ricqucncc of 
I a hc-ftvy^lviin variable r^^inn from a imnjse 6 cell tumor 
inaected up9ttcam of a Kumftn IgCl hoavy-cbain eonsLint 
region gene and a n;suicdan die gaiciuod tic&i tu die Un 
codon of the CH3 cxon into wbicb EcncUc iragmcuts 

encoding either murine or human GM-CSF wrrr ^ncrn.-ri. 
Thei»e Lieavy cUaiu vectuX9 wcic then cotransfcacd wiili a 
light chain chimcrii: constiucts into a mahgnant plasma cell ^ 
luwof. The proteins n^ade by ibft tfancfpned cells were 

ICtiiUncric proteins thai woe diniofic wiih recpoct to CM- 
CSF. 

Reseajcb continnr^ towttrd cnViaTwHng rhr; immune 
icaponsc of an antigen- Trotdns thai have the bioactiviiy of 6S 
both cyioicines and aadgcns wiD pmvide the aflvantagcs of 
Using r.hemir^lly defined anrigenir cniiiies and climinaiiag 



2 

the need to scpoiiucly adinioi3tcr or cc-admiiusier cyiokinss 
and anugens or inoculate paiieDU ^iin genetically modified 
living tumor celh. 

MTMMARY OF THE INVENTION 

Novel fuf ioa proreins comprising ftithp.r manifft mnrinc or 
Uuiii;ui OM'CSF fuicd to a selecicd antigen arc cfficicatjy 
txptessed in vcast at verv hijsn levels, with vinually all tne 
maieria] made being crnntAd frnm the yeasL The fusion 
proieins are crcaccd using stAndnrd molecular biology toch- 
oiques to fuse the 3'-enfl of mature GM-CSf DNA swjucuu; 
ro the 5'-enrt nf an aniigeji ONA seqacncc The GM-CSF 
DNA sequence i& fu3od to tho antigoa DNA eequenca with 
or witbout a UnKer pcpnac sequcuuc. DNA uuwuJtug the 
GM-CSF/andgcn fusion protein is opeiably linked to suii- 
ahl« uanccriptional or tran$lauonal rr-gnlornTy Alf.mAAU. 
Pieferably, dtc iq^ulaiorj elemeno include an ADH2 pro 
moier and a secretion stjjnal js eiiner a yeast a-facior leaner 
Of a type I interleuVifi-l wf.pjr\r ffl^-lRD signal sequence 
lacking its native algnol pcpiidoDo rocognltion die. Yea«i 
cells transTormed with tne resulting cxpic»iuii tcl:iui di^ 
cultivated to cxpie&s and secreu lar^e quaniities 01 mc 
deeired fusion protein, that are recovc-irrt froni rbp. nilnirc 
KupeniiiUuiL Tliv»c fu>iou ^idoins have the biological acu'v- 
ity of both GM-CSF and the antigen. 

The invention oloo providoc for methods of producing a 
CM-CSF/anrigcn fuiiiou pruleiii Uiat has the biological activ- 
itY of boib GM-CSF and the seleccco amigen. One suCh 
cnetbod includes lignttng Thft ^'wmd of a DNA seQueooc 
encoding maiurc CM-CSF to the 5* end of a DNA ssqacpce 
encoding a selected anilgcn; llnldng Uic ligauni DNa 
sequences 10 regulatory elements that arc responsible lor 

»xpT«ceion of DNA into a tingle biolc*gicplly arrivr protrin: 
iiuuiiii^ Uic li5*iicd DNA scqucooc into a yeast host ooll, 
cultorinj: the yeast nosl cell unda conowons promofing 
rtpTTfs^inn; flnH rw^Avering the desired fusion protein from 
the culWrt. The rcguloiory dements preferably include an 
ADH2 promoter ann a secretion stgnal thai i:i dilKi a ycost 
a-factor leader or a type I inierleu^dn-l receptor (U^IK) 
eignal eequence lacking itt aaclve (ignal pcpti'lase mxtgni* 
liuii siu;. 

A KfTsiryd method inchidet; culiuiiDg a ycast cell irvis* 
formed with an expression vector comprieing a pron^er, a 
sequence encoding GM-CSF ftised in frdnic lu the 5'-viid of 
a DNA sequence encoding an antigen, and a stop codon 
under conditions that promote expression of said fusion 
pivieiu; aiid lox/vcilug lUc deaired fusion protein &om said 

culture. Preferably, the promoter is an ADH2 proraoier. 
Further, the expression vector pmfftfsWy inrhwlrji a .<ccre- 
Ltou sigiUil IS cither a yeast a-factor Icodcr or a typo I 

tnterieuian-i receptor oi--iR)^ signal sequence laciting in 

norivc wgna) pp.ptiflJKft Tftmgnition site. 

DETAILED DESCRimUN OMKt 
INVENTION 

As ueed h««in, the tcrro **GM-CSF* refers 10 protein* 
having amino add ^equeuLe^ iLal aic substantially 6itnilar to 
tha native human gianulocyte*inacn>phaj^e ooiony-sumulat- 
ing factor amino acid sequences (e.g.. ATCC 531 ST) and ihai 
lui; biologically active in that ihcy arc capable of binding to 
CM-CSF receptors, transducing a t>Iologlcal signal iiriuaicd 
by binding GM-CSF receptors, or cfoss-reactinfi with anii- 
bodiop raieed against OM-CSK Such sequences arc di^ 
Lloscd, fui ciauiplc, by AiiJuisoa ct al. in Prvc. Nat 7. Aco^- 
ScL USA 82: 6250 (1985). Ihc term "GM-CSF" also 
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mcludcs analogs or UM-CSF molecules thai c»:hmit hi tcasi 
tome biolooicnl aciivity in common wiih native human 
CM-CSF. Exemplary analogs of GM-CSF arr disclo-.-rl in 
EP PttDl. No. 2129U (U.S. 5cr, No. 06^763,130), .vhicb 
describes 0M-C5^ analogs having KEX2 prowasc cU-:ivagc 5 
files ina£uvaie(? *n as in incrca« expression ofGM-C'.'^F in 
yia^ ho«5. and i*n WO Pub). No. 89/D38fil (U.S. Pai. No. 
y032,t'ibl wnicft flescTlDes GM-CSF imalog^ Imvhii: vaii* 
ous elym<ybuoii dies eliminated. 

Tlie icrm "auiigcn" lofci* w a lumor anusi:n or foicijn 10 
proiein ihai induces Uie lonnauon or antibooics ibai ijiiuract 
cpeciiieally wiih ii F-Sf^h anti{tftn miiy cnniain more Uu>ti OOC 
(eiiLi^enic dcicnznnont) c&pable of binding 10 a pmiicu- 
lar aniiboay. Tous, an anilgcn can cause ihc piuducUiut uf s 
nnmhw of antibodies wiU) diiFcicnt specificiurs. A *M(ircijcn I5 
protein" refers to a protein other ihan one encoded hy or 
fleflvefl from ibc liuiuan ^ckouw; e,fi., a microbial or vinJ 
pfoicin or parasite protein. 

*'Otologic«lly (icti vc*' os ujcd hHraiA means that a p:inicu- 
lar molecule Shares suCGcietu<Liiiiiiu autlaiojucitccaiitiil-irii/ ^ 
with native fontis so as lo be capable oi bincimg 10 native 
receptor*, trancmitling a HiffluUi? rn a rp.ll, nr frO-^s-reairtinf 
Willi '<uiiibudlu& nUed ag&iiut the paxticulor moleciili'- 

A* used herein, ihc icnn "fusion protein** refers 10 an , . 
andgcn fused to the C-termiaal portion of GM-CSP Spr- 
Clflcally, (he iiaUm ^lotciiis of the present in^cnrion huvc a 
formula selected rrom inc group consisting of 
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wlicicin Ri li CM-CSF; io on ontigon; and l^is u pt,'j*tidc 

linKcr sequence. Tnc aniigen U liiiXcd tu OM*< "if in >ul;1i a 
mamier as to produce a single protein ibai reLfijit> the 
biolo^cal activity of the npi'vr nniigrn nnri maninr 
CSF. Uiiluss otherwise 3pccifi(?d, the term "CM-CSI-Vanli 35 
gen" refers lo rusion pitJiein wlin a peptide linker sequence 

; ''Recombinant expression vector" ffifers to repli cable 
DNA consiruas tlioi contain & synthetic or cl)NA-dv-rivcd 
DMA seoucncc encoding one 01 WC apove^scribed fusion 40 
proteins, opcrably linVftrt rn sni»flhle iranscripiional or uans- 
lacioaal regulatory elements. Exnmplos of gonuiic oIcniftniE 
naving a regulatory role in gene exprcvfiutj include noii- 
xoiptional promoters, opemtors or enhancers, a sequence 

' encoding CTiitable mRNA. ribojonat Wnditii; ^hfi^. an<1 4< 
appruprinlc uaii&cnption and iransteti'on iniutttion an J icr- 
mination sequences, i ne aoUipr to replicate in a aosl, ui^ually 

> eonferreH hy nn nrigin of rcplicaiioo, and a selection gene 10 
faciliieic rceo^iion of ttan^formanic Atey addiuon^liy be 
incorporated. Tne regultttury dciueub eiU|;lv;;uU in ttic so 
expression veaois thai are conventionally used to express 
TOcombinani protcnu in S. cerevistAe may be nvrl. Rrptib- 
lury clciuiiuU for use in ycasl cxpivsnen ay^tctna preferably 

I include a leader sequence coablizig extiacellulai secreiiun of 
translated protein by a hn.n cell. AlLcm£lively. where iccom- 55 
bmam protein ia expressed wiUiout a leader or traiuport 
sequence, it may include an N-u:nninaI uieihiuniue lr^i due 
This residue may optionally be subsequcotlv Licavod irom 
the expressed reccmbinani protein ro pmvidr Jt final pn 1. \\\n 

DNA legions fli-eoperably b'nkcd when ihcy »ifc fund ion- flo 
ally related to each otncr. A UNA sequence encoding a 
fusion protein i* njwrahly linlcftri to nnc or more of the 
abDvc-dCdcribc<l rogulaiorj' «Iam«Alc *vhan ihii Sicioii pro. 
tCln DNA scquetiu: ia ixut^tuibuJ, oi iLie ic&ulLiiig uiRNA is 

translated, under tbc control 0: mc regulatory elemcntis;. 6S 
For example, DNA for « tignal pqirirlft (sccTPjnry ImcU't) is 
u^uiably linked to DNA for a polypeptide if it ia cxpn-oed 



0 pjcLiuaui ilidi pAJtiuydLcs in the &cc/cuon of the 
polYDeotidc; a promoter is oneraoiy uniccd lo a coding 

sequence if il controls the transmpn'on ftf ihf. tiVjnfmcR: nr 
d iibojomc binding site h opcmbly linked to a coding 

sequence if it is positioned so as 10 permit translation. 
Or.nr.nitly, npfrnhly HnVed mftan.1 cnnli^mat aniL in the 
CA9C of secretory leaden, conltguous and in reading frame. 

'Transformed host cells" are cells inai have been trans* 
formed nr tnnKfecled with foreififl DNA usine recombi'nani 
DNA techni^jcs. In tbe coniext of the prceem invemton. the 
foreign DNA Includes a ticqucuu: eni;uUIii£ lUc hi venule 
fusion protein. Host ceDs may be transformed for mirposcs 
of cloning or amplifying the foreign DNA, or ropy l^r 
U'dtisfoj'iued with OD expression vector for production of the 
rusion protein unocr tne cono-ol of appropriate promoters. 
F.xafnpW nf appmpriArr c1nnin£ and expre.v<;ion vectors for 
use with yeQ9t bosts ore described by Poowels ei al. in 
Chntng Veaors: A Laboratory Manual^ £lsevier» N.V. 
f 1 9851 Cell-&ee translation systems also could be employed 
to produce fusion protein using RNJac drrfvH frnm thft 
DNA comtnictj of tbc pzcjcnl invention. 

A **DNA sequence" relisn to a DNA polyma. In inc form 
of a separate fragment or as a component of a larger DNA 
eonstnict. that hac been derived ftom, DMA Isolaioi at leau 
unwc in duV^tuttially pmc fvun (Lc., fiec of bont^iuiiAlLng 

endogenous maienais] and in a quanuty or concEntraiian 

rnnhling iHfjitifiriiTinn. Tnantpntation, and rwinvery of its 
ccmponcni nucleoudc seqaeneei by standard biochemical 
metnods sucn as those outilncd by SambrooK ei al. in 
MoJecular Clcning: A Laboratory hdanuah 2ad ed. Cold 

Spring Uarber LaberaLory. Cold Spring Harbotf, N.Y. (1 999). 
Sxich sequences arc preferably provided in the fonn of on 
open reading frame uniniexrupted Dy intennaJ noniranslaccd 
5equenccs. or inirons, that arc typically present in cukaryoiic 
genes. Sequences of non tnrulatcd DNA may be present S" 
MX 3' fli^lM axi uyeii icaajiu^ fiaiitCi wUcl'c ilic S£uUC do r>Ol 

interlere with manipulaDoo or expression 01 the cooing 
fp.ginn^ 

"Nucleotide sequence" rcfcra to a hctcropolymer of doox 
yflDonudeodties. DNa sequencer encsdliig tbc proteins 
provided by this invention may be assembled from cDNA 

fragments and ihon oligonucleotide linVi&n. or from a series 
of ciligonuclcoiides, to provide e syntfaeiic gene thot 19 
capa&ie 01 D»ng expressed in a recomomant transcriptional 
unit. 

71>e term **heterDlogou^ protein" as uced herain indicaioc 

that inc proidn 10 be expressed Is not Dauiniily expixsy»J in 

the yeast host cell. 

Fuxion Proteins and Aaalo^t 

The present iDvcntion provides fu&too proteins compri,^- 
ing a murine or human OM-CSF domain and a selected 
antigen. The fii.tion pmictni also may include a linker 
peptide between the GM-CSF and the oniagcn, 

TUc primary amino add smicnirc may be modified by 
forming covalcnt or ag^regauvc coQiu£aiC5 with other 
eheraieal moietiee, such as glyeosyl groups, lipids, phoc. 
filiate, Bcclyl ^iuu]>S atul llic like, or by ei'caluij^ ttiulxiu acid 

sequence mutants. C'ovaleol denvauves are prepared Dy 
linVing paninilsr fiuirrinnal group.^ tn aminr* aciri ,^dc 
chains or at the K- or C-tcnnioi. Other derivatives of the 
tUston protein v/iinin the scope of this Isveation include 
covalent or aeeregative coiuu£ates of the fusion protein with 

other proteim or polypeptide c. 

Peptides also inay be added 10 faciUuu purificoiion or 
locncittcauon ot 0M-L'6Kaat]gcn fusion proteins ^cg., 
pnly-His)- Tbe amino add sequence of the fusion proiein 
a] BO oon be linked to the peptide dieelosed by Hopp et nl. in 
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Bw/IclMvsj C: 1204, (1088). The laucr -^^quenco h 
hifiWy anugcnic and provides an epiiupc rcvosibljr i-n'unO 
hy R spedfic monodona] artibotjy. cnablinE rapid assay ano 
facile purificaiion of expressed rwriKijianr pfiV wn 

DciivaGvis aijd ana]og5 may he obtmocd by njuincion.'; of 
ihc hiaoa protein, A dertvailve or analog l3 a ptilypcpuJc in 
which ihc TtM-CSF or antigen domains arc subsianiKdlY 
homologou3 to the native GM-CSF (e.g.. XtCC 53157) and 
the nadve andgan of dioiuc Oui LuTcan oimuo a Jd scqu;.oce 
diffcrcoce atDibuiablc to a deleuon, insouon or subsiiiuiion. 

Biocquivalem nnatn^s nf GM-CSF or antieen domaim to 
be incorporaicd into the fusioa proteins miy be coostn'Cted 
by TDaKlag varlotts subduiutions of onuno acid ruiduc.% or 
sequences, or by ddezing tenmnai or intfimal resiaucN or 
sequences not nc*»^pd fnr biolojfical aaivicy. For example 
Cyj rcaiducA eon Ik dolMftd or rgpUced with utber rutitAO 
ados to picvcni fi»im«itioii of iDConccc intramolcculoi dis- 
ulfide bridges upon leoaiuiailoQ. Oc&cr apj 'reaches lu 
miuagftnfficis involve modification of dibasic anuno ncid 
rcsiduoo lo enhance caepreMion in ycnst sy«»rmft in wln'rh 
KCX2 piuicasc acuviiy is prcactiL Gcncmlly, subsiitiuions 
are made conscrvaiiveJy by subsiiniiing an amino :icld 
having physiorhAmiral chsmcteristics lesetnbltnfi ibo^c of 
(he native rcaiduc. 

MutatiOaS in nuclcoiitlc sequoia;* cousu acted for expi ca- 
iiinn of analogs mu4U of course, preserve the n^iding Irumc 25 
pho3c of the coding scqaences and preJerahly will noi nraie 
complementary rc^uuiw that could hybriditc co prrvUicc 
sccoadaof mRNA stmcturcs such as loops or nsdiplns idui 
wouJrl artvmftly affect tianslalion of ihe CM-CSF/anrir.cn 
mRNA. Although n mutaiion «itc may be prcdctenninrrl. ii, 
is noi necessary thai ilic nature of ih& muiaiJon per 9c be 
predciermincd. For example, in order to select Tor opdmum 
charsctGn&iic( of ntuifnts ;ir b fpvcn site, random muldPcn- 
oi? uiay be conducted at the tni^ot oodon and tbn «xprew..cd 
mutants screened for inc dciiired aui*iiy. 

Nnt ;il1 mnrHrirms in flucJeotide sequences thai cncfKie 
fusion pioicina oomprising GM^SF end rhf. ftntierat nf 
cnolcc wUl DC CJipicwcd In the fina) product F»if example, 
nucleotide substitutions may be made to enhance cxprcs- 
don, primarily 10 flvoirl .secondary Structure loops in the <o 
Uoiijuibcd inRNA (jcc EPA '?5,441A, incoiporavcd hensin 
by reiercncej* or to proWde cuduiis dial hicmc iwillly 
fnnslatcd hy the sdecicd host. e.g.. the well-known t. colt 
preference codons for E, cali exprcssioa 

tvluiarions can be iuuoduccd at pozticul»r loci by synhc- *5 
siana olifionuclecilides contaimng a mutant sequence* 
flanked by rcstrieiion sites pnaWing ligation 10 fiagmenis of 
Uu; iwuve sCHucua^. Following ligotioo, the »cultiBfi tw^^n- 
siiucicd sequence cncoacs an analog haviug lUc doiicJ 
amino add in.icrtion. substitution, or deletion. Jn addiinm, so 
the polyracnwc chein r «accion (PGR) can be u^cH lo gi-nf-t ^te 
mutant DNa scquenawk 

Alternatively. oHeonoclconde-direcied ^iic-spcdfic 
muiogeneaia proceduxet can be emplcyert tn pfnvidr an 
altered gene having paiiicular codons nllcfcd accordinj^ to 55 
the substitution, deletion, or inseition required. Exemplary 
inethodc of maleirtg thf. alteraiions set forth above tire 
dlscluacd bj Wflldcrcl el. in Gene A2i 133 (1$I8(0; Bauer el 

ai. in Uene Sr. 73 C1985); Craik in Biotkchd^uLs p. 1?.- 19 
(Januaiy Smiih el aL in Genetic Engineering: i'rin- 
ciplts and Methods, Plenum Ptecs (IMl); anti U.S. Tat. 
NOS. 4,315»384 and 4,737/162, aad a/c Incofi'Ormcd by 
icfcxencc herein. 

Source of Recotnbinani Ri^irni Proteins Cort^iising CM- 
CSF and an Antigen 

A DNA sequence encoding a fUston pruieiu U •;udsu uciud 
using twromhinani DNA techniques to assemble separate 
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DNa eaquencBS encoding GM-CSF and the anugen imo an 
appropriaic expiwsiuii vetlwi. "Hte 3' cud of » DNA 
sequence encoding mature GM-CS^ is ligatcd, with or 
withom a peptide linfcef, to the 5' eaH nFTh/* DNa sequene? 
encudlug a Uulu^^iwolly ouUvc antigen of choice so [h&ithc 
reading frames of the sequences aic m pnase to permit 
mRNA translation of the tu/o DNA sAr^<rncr!' iolo a tingle 
biologlcully active fusiuu prvicm.TU leduluug pxuiciu id e 
GM-CSF/anti£eo fiasion protein. 

In prefejred aepectc of the present invention, a peptide 
liukct sc^uuiuc is \xv^iy<^ic\jad into the fusion protein 
construa by wcli*known stasdaid molecular biology lecC' 
niques (e.g., PCR). The linker seqiiftwtp. it ns«l to scpomip. 
QM-C3r aiid die antigen domains by a dbtancc auSdcnt to 
ensure ibac each domain properiy foifls inio lis secondary 

AnH irsTtisry crniruirpjc. .^uit^n hie peptide linker sequenecs (1) 
will adopt Q flexible extended coflfoimation, (2) wiH not 
exhlDlc a propensity for developing 4ii widacd sccuudaiy 
structure tlaai could imeraci with the functional GM-CSF 
and aniigeo domainc, and (3) will have mitomal hydropho- 
bic or charged chancier ihai cuulO ytocucite luieracLiiMi witL 
the functional protein domaiits. 'iypicai surtace amino aads 
ir» flexible protrin ivtginnc inrhtdp. Gly. Asn and Scr. Virtu- 
ally any permutation of amino acid ceqtxencos oontoinlng 

Oly. Asn and Sa would be expected to satisfy the above 
cj\voj\ii for a linker sequence. Otba near neutral amino 
odd), 9uch od Thr aod Ala, also may be used in the linker 
sequence. Tbusi wuiuu u:iO ocqaciic^s useful as linkers of 
GM-CSh' and anugen mclude tnc Cly^SerOly^Ser linker 
(SFfj m Nni) HJiftri in PaL Na 5J 08510 or a series 

of four (AIq Cly Sor) rodduec (5EQ ID NO 2). Still other 
amino acid ijcquenus^ Uial may Ijc tiscd as llukus arc 
disclos<id in Maratea et al.. Gem m 39-46 ( l983): Murpny 
ct ul, Pfoe. J^at'l Acad Sci. H^A g^: 82SR-f 2 (l^Rfi): U.S. 
rat No. 4,935,233; and U.S. Pol. No. 4.751,180. 

The length of ffie peptide llnter jBi^ucnce may vary 
withom aignificanlly alTcctina the biological activity of the 
huton protein. Id one preferred embodiinent of the present 
Invcndon, a peptide liidua siwiucwcc length of about 12 
amino adds is used to provide a suitaoic separation of 
funciaonal protein domains, alrhough longer linker 
sequences also may be used. The linker uoquenee muy be 
ITOm ] to 50 amino aCiOs in length, lu the most preferred 
aspects of the ptesent inveniioa iJ c linker sequence is from 
©bout I. 20 amino adds in length. In the specific embodi- 
ments disdoscd herein, Qic liuKci sequence is from about 5 
to about 15 amino adds, and is advaaiageoasiy trom about 
10 to about IS knaino adds, ppptiHfi linlcRf xaqnenrr.? are 
ui)iiece;»ai7 where the pTOtcina being fused have non 
essenuai is'-terminal amino add reglc^ij ihai can be used to 
cppararp the fiinctiona) domains and prevent Sieric interfer- 
ence, 

Tne Ugated DNA sequences arc uyeiably linked tu suit- 
able iranscriptional or translatiooal regulatory elemenis. The 
roguloioiy elemeni£ fBcpondblc for eipreirion of DNA are 
located only 5' to the GM-CSF uDNA fragment, while dlc^c 
regulatory clcmenb; or stop codons thai wouia prevent 
lead-ihrough to the antigen DNA fT^gmcnt^ am not prc^nl 
on the GM-CSr ftagincnt. Oonvcr^cly, icgubioiy clcmcnis 
are not prcsem on the antigen DNA ftagmem while stop 
codoni Tcqi<inrd TO end tmnslnrion stnd transcription icnni- 
nation aignols ore present only 3' to the antigen DNA 

Gragmenu 

Expression of Recombinant Rision froieins Comprising 
GM-CSF and an Antigen 

Tbtf ptcaeui invention provides for rceombinnnt cxptca- 
sion vcclox? thai include synmeuc or cDNA-flctlved DNA 
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fugmcnia encoding fusion proicins comprifiiiig GM-CSF 
and an antigen orctiotce orbiuc4uivdi;ui aiiali-g* opcr.ibly 
Hnlfwt m suitable transcriptional or iranslaiion^U reguioioo' 
elements. The fcgulaioiy cleraenu incWt* a innsmplmnaJ 
proraoicr, an opiiwiittl u>;ui'aior stqucnct: w control irwi:.crip 
liofl. a sequence encoding suitable mRNArtDosnTnal biiuliuti 
siiec. and sequences that rnniml rhc tcrmifiaiion of uan- 
scripiiou tuiU uanslation. jjJ dcjcribcd in detail bolow The 
ability to replicate in a nosu usually conferred by m ki isi" 
of rcp]i<-fltinn. and a selection gene to faciliiaic rcco£nuioa 
of iranrformanio moy addiiionally be incofporMcd. 

The fusion proicin vccturs uc uausformtd or iran»fccicd 
into host cells. Transfonncd host cells ommaniy cxprc» mc 
desired fucion p^ote^n. but host rp.lU innsformcd for PUT- 



processing, thus sccrclioD, If a beierolOKous cuNa were 
fused 3'io the GM-CSF gene, ihe junrnnn beiweftn ihf. signal 
or pro proccsiiing »Uc> wnJ QM-CSF would be mflinioinod 

anil one would expect to acnicvc cmciem proccsslog imU 
&ccrciion of the fusion ttiaIm^iIp. Aoy additional bcncBts cf 
Un; CM-CSr protein and its obiliiy lo *Touie" Cirougb Oie 
secretory system wouJd be nuiiniaincal, too. The fusiuij lu 
GM-CSF tbw pliminfliM one of iht key variables in secre- 
tion of hcicrologooa proteins in yean. Such a ft»jion tytlem 

lor expression in yeast is tdnally auiicU lu Uic fusion of 
pf^iiidcs (5-50 amino acids) or relatively small prolcins of 
obout a moUcular twc of 30.000 rialinrift nr \Kt& to GM- 
CSF. Fin Uk cApicwioii of antigen} Inrgcr chan 30,000 
dalions. those of ordinary sxill in ilie an can design aa 



poses ufwlwuiig oraniplifying DNAdo not nood to exf..«8 is analogous sy«i*".m fnr ftxpression in mammalian or insect 
ihc proicin. bxprcssed fusion pfoiein win tcucmlly be celb or other ycwu. 
gccreted into tb*. r.nlmrft xiipcmatanL The prcs*:ni invention 
jnufJdcs for cxpreaoion of tlic inveniivc fuum\ protein 
ycasi unocr uie conuol or appropiimc icjjuiaioi? clcn■«.a^^ 

Out TBCombinanl fusion proteins aie cxpre>sca in yi-asi 20 
hosts, prwforably from the Saccharomyri^ .«pftrii:s. such us S. 
cemisiae. YcbjI uf oiliei- genera such ai Pichia or Kluy vcro 
myccs also may be employed. Those skUlcc In the aii wiU 
readily s^r thnt niher expression systems, sueh as majiuna* 
lian and ioscci cjipfeMion cycicms wjUi appropriate irgnl?- 
loiy clemems, also can be used lu uAtiieas the dwircd funon 
proicin. Secrcu'on of the desired protein iroin Uie yeast ceUs 
ic advanugeoos since the Hp^ifpri pmtcin iit recovered [com 
(lie uuUuic 5upcrraiani rather than from the complex mi *iure 
of proteins UiBi rcsulis when yeast cells ure Jiaiujutu to so 
rrlftrtitft iniraccUular piDieins. Sccreiion also itducei inc 
dcletcrioiw (e-s- to^ne) effee* ^ iniraeellular iifnimiiljiiinTj 
or a given furei^u pioicin may have on the ho)t cell. 

The vcasi J. cerevmac is ojtcn usca for tln^ cjtprcsvlon 
and secretion nf heternlogoas proteins. Effidcnu hifih- level 35 
secretion of a ccrevicioo protein from yeasi requires no» nnly 
cffideni iranscilpuon and uTiualaiion of the niRNA» bta at 
the posiuanslanonal level, cfficicm processing of the Icuoer 
t^qvicDce thai dirrrts snrmiirtn and rouditg througli the 
scLicto/y pathway. EfiSciem proccosing of a cignal (pn-) or ao 
addiuonai pro sequences used to dircci sccieiiou fuw 
requires enaymatic cleavage ai the sifiOal peptidase Sit''- una 
if ptoceDL additional cleavage at thn end of the pro 
sctjuciiu; (Uic KTXt site for the dpha-facior l*4adaf). li* the 
sienal soquenee lafls to be cleaved off in the cnUoplfMuif 
rciiniUtm. the protein docs not condnuc ihfoujih the scot- 
1017 pothwoy. Similarly, if ihc addiuonai processing siln « 
the 3' end of a prv icgiuu wc uot cleaved, secretion is cither 
ereatly inhithied, or if it does occur, tnc desired protciti nas 
additional amino ariHs ;ii ihR K-tcrminus. See. c.e.. Brake CL 50 
J., rwc Nai'i /W. ScL, 81 ! A6^2M^e (1984). Ths 
panicular amino add sequences didt aiv >uociii 3' tw dcac 
rlravagr sites have an cfeci on the ability of the ates ii> Dc 

pjoecssed. Some heterologous amino acid ^cqup.nrftt fused 
3* 10 a secretion siguo] wwm; iimfllcieiii clcav^c, thtw poor 53 
secretion while others allow cmaent cleavage, thus vood 
coeretlon. Human snij irnnnr. HM-CI^P arc cxampk'S of 
hueiuJusuuS proteins that con be aecrctcd from yeasi ai ^-cry 

hieh levels, with virtually all tnc material made bitUig 

seeri^trH frnm the yeasL 60 

Wc hnvc found thai tho proftcnce of the N-ienrMiial 
sequences OfGM-CSF fused 3' ufwilbci die sigisal pepiMasc 
site pfcittni on dw type I IL-IR signal 5equeni:e (aescfiocd 
below) or the K^V?- site jirr.v.nr on the. n-f actor pro rccion 
dluw efficient processing of these signals. With any difl crcni 65 
heterologous proiein placed immediately 3' to d.c pruccvsinj 
signak, ii is unknown whedicr ihcic would be cDu icnt 



celb or other ycasu. 
y cerevisioe su-ain YIMX9 Is pajiiv;uliiily useful a host 
of the expression of GM-CSF/anUftcn fijsion poteins. 
The YIMX9 strain was generated and isolaied »$ frtllnw.^ 
THe procedures arc gaiuollj described in Rose el ol., 
Meihods in Yeast Genetics, A Laboratory Course Manual, 
Cold Spring Harbor Press. C«1H Spring Harhor, N.Y- pages 
13-15 (1990). 5. cercviiiae strain XV617 1 3B (a. hi56. 
Icu2-i, tjpl'l, ura3, fite5] was olKaiiicd Uid veisiiy uf Wafth- 
ingmn. Dcpanmcm of Genetics Vcast Suain Bank, Scaiuc 
Wash. A frech overnight culiure of XV6l%l-3P irans. 
fonncd >*iih a rcuMuiUiiaJii cxprc3«on vector was ffo^vn in 

YEPC (1% ycasi cxtracu 2*fo peptone, 2% glucose) 10 a i;cll 
density of sbont i-7xifi* cells/ml. The vector ccooded a 
reporter protein that ia liot well cocreied from ibift tiraio. The 
culture was onuicd to Jxio** usiis^uJ ia KHjPO^^pin.O, lO 
mis total volume. 0.45 ml of the muiaget) cinylmethanc 
culfonau OEMS, available from .Sigma Chemical Co.. St. 
Luui), Mu.) wai added, and the culture woo incubmed at 30" 
C, lor 3U minutes. Cells were ihen plated at a deiuiij wf 
500-1000 cells/plaie on YNB "ut medium (0.67% yeast 
nitrogen bate, 2% glucoce, amino ari^s minus tiypiophan m 
approximately 20 ^^lul). 

Colonies were BCreened lor sccreiion of the rcponcr 
protein i*f iag ^ aniihndy imtnunorcacUve with the reponer 
protein. Pojiiivc coloruca were datccled by binding of the 
antibody lo secreted produa on uiucwJluluac filters- A 
mutant isolated &om this saecning process was cesignated 
YIMXl. Strain YlMXl wp5 rmt^cd to strain X2181-1B fa, 
Util-l, gall, add, hia21, obtained ftom the Yeast Genetic 
iilOCK Center, Universlry or Callfbniia, Bcridey, Cullf., 10 
create the diploid strain dcsigriaicd YiMX2. litis diploia is 
heieioaygout at the rovtsni locus "tti/l»'.Tir;firH IfkCii.^ thai 
iillows ittipiwcU ac*-icUuiJ of the fepoticr protein). The 

mutation of lousrest was snown lo t: icccssive in tnai simiu 
\nMY9 A{A nm exhibit the property of bcncr sccreiion of the 
tcportcr protein. For this reaeon, UV muUgeoesis wp^ 
pcrf onnefl on riMX2 to Induce huiooiygoiis oi the mutant 
locus (a crossing-over event that woulfl result in imortnaiiop 
from one ohfomoaomc replacing that on the homn^lngons 
chroinoHJiDc). 

yiMX2 was iransformcd wiui the rcporter-cncofllng 
expression vector crnploycH fn ih« first mutagenesis proce- 
dure. The UV 30UICC was a Simuiiinicer^ UV CfOSsUnkcr 
(Siraiagcnc Cloning Systems, LaJolla. Calif.), didt wuit* 
flboi'i 0 f^l mjoulcis per second. YNB ^ plates spread with 
0.5-1 y 10' colonies per plaia were iiradiaied for 12-15 
seconds. Colonies were screened ds abuvu foi luercucd 
secretion of ihc reporter pioicin, A strain acmonsiratlng 
increased secretion of the n^pnnfv prOlcin was i isolated and 
designated A wmplc of the icolaied muioni strain 5, 

cerevisioe yiMA9 was deposited under the terras uf itji? 
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Budapest Trcary wiih ihe AmericaD Type Culturr Collw-iinn 
in KocXvilic Ma., ana assigned accc«iuit nur.ibcr A'lOC 

Another particularly u«eful host cell »£ the 5 r^rfivt^.$nf 
Strain dcsignaicd XV218I (a/a, u^l. V nice .*i al., Cme, 
ss- (1987)). XV2181 was fonncd Dy matint: ihe 

4bovc'dc3cribcd 3tnan5 XV617-1.3B and X2 B 

Appropriate cloning and cjiprcssiou rcvcof 5 for uk. wiib 
yfj»^ afR riRsnriScd herein and by Pouwels cl al. m Cloning 
Vectori: A Laboratory Woaufli, EUevier, Y (lOKS). 
Expression vcctuis gciiwially eomprisc one or more phi no 
typic selcoablc maikcrs (ce.. a £ene encoding a protein inai 
confcra antibiotic nrjisiaace or thai v"pplipj» an autotrophic 
rcqulTcmcm) anO nu uiigUi of r^licalion rccogiuzcd hy the 
intended host cell to cnsunt amplifi cation wjiMn ihc liust. 
Yeart vecion conimnnly mntflin an Origin oi rcpliciiion 
Iium Uie 2 Jim ycaat plwnid or an cuionomouely replicating 
jequcncc (ARS), a promoter. DNA tacuOiiig Uic fvj>ion 
protein, wqn«n/v;s for polyadcnylauon and ii^scrir>iicra 
icrminaUon and noclcoiobletnaiker. Sgmeyeasi vectors unll 
include an origin of rcpHcaiiou uiU sckoablt .iwkcr [cr- 
fnitdng craDSforaiatian of bo& ycasi and £. e<Hi, eg., mc 
ompicUUn rcKisuflCB gene of E. coH and .V rerevisiat 1 K?l 
gcuc, Uiai pi u vide* a selection marker for a muiini str«n of 
yeast lacking the aouity to grow in iiypioi>baii. mut u 
■prorooT^'.f rtRrivKd from a hiaWy expressed yeast fienc lo 
induce tmascriptioB of a ecructural se<iiicnrr. ilnwnttfi*:tm- 
The presence of the uyl lc?>luii in the yc«t ho3i <xll g©n».m© 
then provides an ettecdvc cnvironmeni for deiccung ir^ms- 
foanation by 0r«uah in the flhfiftnrft of irypiopltan. 

3uilablc pioawicr iccjucsces in yaafil vectoic includ<- ihc 
proraotcre for mctallomJondn, S-plivst^hoglycfjaic kiiinac 
(Hiizenian cl al^ /. Biol Chem. ii^S: 2073 C19J0i) or 
glycolytic cnkytnes (Hcsn n r]., J. Adv. Eniyrm Res^ 7. 149 
(19Ci8), dJid Holland cl aJ^ Bicchcm. l7; 4900 (1978)). cuch 35 
as the ADH2 proowtcr (Russell et al. tn /. Biol ChfftL 258: 
2674 0**R5'.) and Beicr ci al. in Natun 300; 724 {mi}), 
cnoloae, glyceinld«byd«-3-phospbaic <1chy^'/na«c. hex- 
oldnasc, pyruvate dcuoiUoxylasc, pbo>pbofift)ct»ikiDoot. ^-^u 
coso-6-phosphac isomciasc^ 3-pnosphoglyccratc muiasc, '»o 
pyruvate Idnase. trio5cpho<p>>ar« isnrnefase. phosphoulu- 
cusc iiwuiwaic, and glucokinaac. SuiinWe vscion and jtfo- 
moiers for use in ycasi expression are ftinhci dusu iUcJ u i R. 
Hiticraafl el al . F-PA 73.657. 

Ycait sccfcicd proteinc fi«n«rally are iftitialiy rrpfsQ^-.l 
prccurBOfS Dcaring an N-LciiiiiiLBl &igaal or lender pc^ludc. 
Signa) peptides BeneraJly coniain a positively diaiged l>) icr- 
miituc followed by a bydrop*inhi> cnrc. followed by a 
recogniliuu site for an encyme known 03 signal pepii.iasc. 
This cnzvme cleaves tfte signal peptide ftom the jnutciu 
during ifanslocarinn The protein is iranspOJlcd froiTi Iht 
ciidoplasrmc reticulum to the Golgi apparatus, and 'hen 
ItUows one of a numBcr of routes in Uw sewccuty pathway, 
depmrtinfi on rhc namte of ibe proicin. The pntfein mny be 
accreted into the culmfo medium or may be reiatnftri nn thr 
ccU surface, for example. Ceiiaiu icccpior* diai comprise 
RTtraccllolar. uansmcrnbrane. and cyioplasraic doinaiii> arc 
cxomplofi of proicins that may be rwainrrt cm tht cell 
mcrabnmc, wiih ujily the cxuaceUular domoir loaaiAtI oui 
side the cell 

The leader sequences of certain wiCrcied proteins * 0m- 
priai: pupUdce th-»t arc locatt^d C-ienmnol l«' iha stjjnal 

peptide and arc processcfl from the maiujc piuuria of loicresi 
5iibwineni tn deavaee of the signal peptide, -Such icitOcre 
often are tcictrod to og prcpro peptides, whffttin Thr pm 
region is ^IC signal schocuw mid tlic pro region dcdignoioo 
the remainder of the leader. One c;Eample is the yeast 
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a-facior leadet that contains a sifitwi peptide Cincluding a 
C-wrminQl tignaJ pepiidaec recognition site AJaLcvAla) 
followed by a pro region coniaiiiius a basic amino acid paii* 
l-ysArg thai consiimics a KEX2 protease piocessmfi sue, 
iromodiaioly followed by a peptide GlnAlaOhi Ala 7t ihr. 
C-termlnTis of the pio icgioii. PfOccwiDg of this leader 
involves refflov^ of the signal peptide by signal peptidase, 
followed by cleavage between the Lys and Aig residues by 
K£X2 protease. The OluAUsOluAla reudues arc subse- 
quently removed by a peptidase mat is the proauci of the 
STB13 ficoe (JuUub et al.. Celt V'- >n9 (19R3)). Thr. ycart 
u-fauluj- Icadci is described in U.S. Pat. No. 4,54^.082. 

The yeasi expression vector advantageously comprises 
DNa encoding a suitable leader nr signal pcpiide fused to 
Oic 3* laid of the DNa encoding the fiieion proiein. The 
leader pepudc thus is fused to ttie N-iemunus uf the fusiua 
protein urhp.n m\t\ji\]y expfe.^!ted. and promotes secretion of 

the cxprcaacd fusion protein fxom tl^ cell. T>ie leader 
peptide is deaved by spedflc Jruraixllul*i" ptuicasc(&) ^0*1115 
sccnainn. bo thai the fusion Ofotein mcovcrea iTcm the 

eultnre medium do« Bot liave the J'^Hftf ppplirift nttflchwl 
thercio. 

Anv siEoal or leader pepode recognized by 5. cerevistae 
cells may rmplnyftd. Examples are the leader or signal 
peptide of aucb proiciBa cs the convitiat o-factor MPttl 
(describcfl in U.S. Pau No. 4,540,082), S. vcfcwUiue inrer* 
lase. encoded by the SUC2 eepc [Smiin et ai., Scienc€ i29: 
1219. 1985; Cbang ct al.. Mo/. OH RirL 6: 1812. 19R6). S. 
ccrzvbiiut acid phosphatase, encoded by PHOS (SmiUi et al., 
1985, supra; Hinnen ei al. in KcttUOla and Valsancn, Eds., 
pT/iw.vifln irt Yeasi Foundation for Bioicchnoloxical 
<bu/ Jitdustnal Fcrm^niaticn StMttrrh^ Vol 1 , KntippnVir- 
japaiiiu O/, Hclsulki. 1983, pp. 157-163), S. carlshc^cneh 

a-Ralactosidase (lOc MELl gene prpdua) (Hofmami and 
Schuhz. ini: 1991). iC itjowlollcrioxin (0RF2) 
(Surfc and Boyd, BMMO J. S: 1©95, 1986; Baldari ct aL. 
EMBO J. 6: 229, 1987), S. ccrevisiue toiler u>Ain CTokunaga 
et al.. Nuc. Acids rts. 16: 7499, iy«sj, and uic 5. cewuiflf 
BGL2 gene product (Ai:>cii>n^.r er al.. Gent 110: 25. 1992). 
Tlic yic ui'prepfo region of o givon loadar (dieeueced nbovc) 

may be employed. 

Pn"fcn>My, a signal peptide derived from a type I intcr- 
Iculoji-l rcccpior iSL IR) cignal ecqucnce lackinji iu native 
signal peptidase recogniiion site b used This signal peptide 
has the formula sigW^AlaXala, wherein sifi represents a 
uuncated type I interieolcin-l receptor sigiwl i«r.qucnrj> lack- 
ing tlic miiiuu auiJs at positions y through • 1 of the nauvc 
signal seouencc, wherem y is -i or Tne slg moiety Is 
derived from the signal v^imcc of a. type I iDierleukin-l 
icccptor. Such signal scqucnoea include the human and 
numnc type i IL' i rcccpiOt signal acqucnuss dcM.TibcU iii 
I T s Pai No. .'5.081028 (hereby incoiporaicd by reference) 
or homologoua sipoal peptides derived from other mamma- 
lian species. 

Z represents an optional spacer pepuae compnsmj; irom 
1 S aanino acidc, prcfflrtibly 1-3 aminA Acirif, and n is 0 or 
1. Z conudn^ neiUwi ilw aaii»e signal pcpiidaac recognition 
site of the inieficuldn-1 receptor siglnal sequence, nor a 
vripcpride of the forrnuJ? AbYAla. One example of Z is a 
peptide encoded by a Unlscr uacfill for oonsuuotiag a rocom- 

binani veaor, c,%„ a imiar containing a desired icsirtciion 

site. The AlflYAl.T trip«ptid£ replaces the native siRnal 
pcpudose tccognition eiio. X ie an amino acid ielected from 
the group consisting uf Leu, Phc cud Gin, preferably Leu. 
For expression of a desired fusion protein, UNA encoding 
the fusion proicin ii hited to the V «n/1 of the T>NA Sftgrneni 
eiicuQuig tlu9 ftigoal pepdde. 
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Prtff m-H yrasL vecion can be assembled using i 'NA 
sequences from pBR322 for seleciion srrt fpplicaiion iii £. 
coit lAmp' gene und origin yf icpHcauon) an»l yeast I^NA 
including a glucosc-rcprcssiDlc ADUZ promoicr 
jutd a-focior secroiion Ifiadcr. IV. y«»w fi-faCl<>r leader, lhai 5 
direCtt bccrtiioii of heterologous prowias, cdi be inw.ned 
between ihc pniraoici aM the smicniral gene iv 
oxprcceed Sec. p.£ , KuTjan cl al.. CcW 30: 93!^ (1^82). ana 
hiii^ cial.,/'rvu-.A'tfrf.Aw/^d*. USAih 5330(1 qSd) Thn 
Icsdcr sequence may tie modlDcU lu cuniiin. ncor ita 3' «:nd, »o 
one or mnrr iiscful rcslriciion sites 10 lacUitaic nision f i tnc 
leader sequence to foreign genes. 

A panlculariy lucfcucd cukaiyouc yaosi veciof for 

expression of GM-C:iWaniigen DNAls pIXY45C. plX Y45G 
it » derivaiive of thft pnADH2 ycast cxprtssion plavmio IS 
Uc&tiil/cd by V. Trice ci in Ccna. 55: 287-293 (19R^): thr. 
p)iaRe rJ ongin oficpllcaUon iii vlXY45G doc? noi exist in 

Suhabte yeapt iransformatinn proincols uie known to 
Oiose of sltai ill Uie an; an exemplary technique, ii d« Jiihed 20 
by Hinnen et al. in yroc. r^ati Acad. Set USA 75. 1929 
<3978), »f»r#-tmf. for Tip* transfoimonw in a scin^uve 
iiicdium conaiitinfi of 0,67^ ycatt niirogcn ha«R. (V5% 
casamino adfls. 2% glucose. 10 pij/inl adenine aad 20 |.gVml 
nnicil. ^ 

Hoct fiirainB irajisfonDcd by vpirtors comprising Ihc ADHZ 
proraoici umy be grown for cxprcaoion io a rich mi- Hum 
coosisiinR ol' 1% yeast cJtiracL 2* pcpioiic, ana 1% bUicosc 
suppleinrniM with 8D Mfi'ml adenine and 8U Mg/mJ uracij. 
Dereprcision of i ho ADU2 promoiftr occurs itt « ha» i stion 30 
or medium glucojie, Cnitfc yta»i 4upcm«anb un hojvoaied 
by ccniriftJBaiion aic filicicO ana ncid ai 4* C. prior lo fui Uia 

purification. 

PujificJ fusion proicina Of onologa arc prepared by f^\' 
turinR suuaoic hosi^vcaor sysicius iw cx^tas the rcc.»mb;- 35 
Tinni translation prcducu of ihe ON As of the prescni inven- 
tion, ibai are then purified frnni nilnirc media o»' cell 
cxiracui. Fui example^ aupcmatnnts from eysieirt thai 
sccreie recominrant protein into cuuurc mcUia can first 
concentmrrri using a comincrdally available protein con- ^ 
ccDUalion filter, for example, an Amicon or MiHiprtrr Pcl- 
Ucon ultfaftliraiioii ujut. Fullwviring the conei-ntnuion step, 
the conccnirue can be apphcd to a suUaOlc purificaiiou 
matrix. For eiaipp!''., a sitiraWr affiniiy tnaliw can comprise 
a GM-C3F receptor or Icciin or wiiibody rooU.cule bound to 4«i 
a suitable support 

Prnflftniaiion of yeast that express fusion proteins as a 
.tccfcicd protein greatly eimplifies pimfiraiion. Sfcrcled 
Tccomttlnani pnjieiu louliing from a lQrge-s**clo femienta- 

lion can be purifico Dy metnoos analogous to uitnc tii^ciusca w 
by Urdal et aJ in J. Chfcmatog. 296: 171 (1984) J bis 
icfcrencc describoc two C6qu«nual, reverse -pha v. i rPLC 
sicps for punncsduii uf rcuimUiiiani murine OM-CSJ' oo a 
pfftp;traiive HPLC column. 

Fuaion prouin synihestifid in fftenmhinaiil culture is 55 
characieri^J by ilic presence ef unwonted and unV:nown 
proteins (coniaminanis) io amounts and of a cliaiawii:! 
depend upon the purificaiioD steps taken lo iccovcf me 
fusion pjoicln from iho oulmre. Tbete compon^Ji^* nrrit- 
naiily will be of ycasi origin mX picferably arc prL->cni in eo 
innficiinus coniaminant quaniilies, on the orocf of Jc5>: than 
about 5 percent by scanning deoritomfttry nr rhromaiogra- 
pny. FurUici, iciuiubu-iant cell culture cnnblca the j ioduc- 
lion of the fusion proidn Jrec of protdm Uiai may U 
nomitJly Ji*<nf.iaicd with GM-CSF or the aniiccn as Ilii^y are 65 
found in nature in their recpective species of aric'n. v in 
cells, cell exodates ur body HuuIa. 



Fusiun pjyiclii conipojiiions urc prepared for admimsira- 

tion by mixioc msion protein having Uus dcsiicu uugitc of 
purity «vith physinlngically acceptable carriers. Soch earners 
»vilJ be nomo;(ic to rccipicnio ai the dos;ige£ and corvrrnira- 
lions employco. Ottlinartly» inc piep*uauoji of such compo- 
«iimtii! entails combining the fusion protein wjtn buITers, 
anlioxidtinis such ai ;iteofbic aeJd, Inw mnlftcular wcichl 
(less tnan about ten icaiUuw) polypeptides, protcin&t amino 
acids, carbohydrates including glucose, sucrose or dcxirius, 
chelating agenii such ?s RDTA. glutathione and olhCT sia- 
blluu) and excipicnb. 

The Ibliowmg examples areoffcrsU by vray uf illustration, 
and not hy ^ny of Umilation. 

EXAMPLE 1 

ronstniction of rauCM-CSF/MaJana Antigen Yeas; 
Expresiion Vmors 

Yeoji c»pntwion plasmid pDCYA$fi wns rti£Kiii:d wiih the 
rcstrleUon cnzyiiic* Asv718 and Spcl and the largo vector 
fragment was punned using sianoaxd mokculia Oloigiiy 
techniques. DNA encoding fhc murine GM-CSF gene 
(iimaM-CSr; rS^S 82: 6250 (198S)) was amplified using 

me poiyrociase cnain rcacduu (PGR). PGR primer 
*«inftnccs used were SEO ID NO for tne S primer ana 
S£Q ID KO 4 for the 3' primer. Thft primer included an 
AspTlg iiauiciigii aiic to fuse Ihc rauGM-CSF in frame to 
the Asp71 8 Site in the a-iaaor leader, icgencrating die 3' wtO 
of ihe leader. TiVir V primer inebdcd a ponioo of the 
Gly^SciClysScr linker (lunino acid sequence Gly J3Iy-niy- 
l>iy-Scr) anO a BamHl site. 

A DNA fragmeni encoding the gene for the Pfs25 raalarictl 
aniigcu (/^aru/e. 333; 74-76 (1988) und Bia/technolosy. 
4y4-4yy tiyya;) also was gencrateJ u>iiig tUc polyoitraac 
rhain reaction in such a way as to add the 3' end of the 
Cly^ScrGlysSof I»nkcr from the BamVIl sifp. (nitclcic adds 
3 miough 28 of SEQ ID NO 5) ai the 5' end of antigen and 
to add a Spel rescricuon sue ancr the tcmilnaiion okIuii Cuj 
the gene. Thus thp. -mnbrial antigen PCR primer sequences 
used werc SEQ ID NO 5 for the 5' primer and SEQ TO NO 
0 for tbe 3' pnmcr. 

The PCR product encoding miifiM-CSF+linker was puri- 
Ccd tuiU Jigceied with ibc cntyraec Afip718 and BamHl, 
Similarly, the i'CK product encoding ilw rhlS ouUijen was 
pnrififtil anrt digested with the enzymes BamHl and Spcl. 
These two DNA frasroaate were ligairj inlo the. A!tp7l8- 
Spel ctlt vcaor dcscribBd alwvc, Thb created a fusion DNA 
construct cncodinfi muGM-CSF-linkcr-PfsIS antigen. The 
linker h« the sequence of RKQ TD NOl. 

5, cerevisiae StraJn XV21S1 cells weie irajwfonncd by 
conventional techniques with muOM'L'SHinlccr-PrsZJ 
oniigao DNA constiucL The transformcri nrlls were CUlttircd 
In 1 liter sUakc rtaaJ^ lu 1^ yeaat cutmci, 1% popione, »d 
\% glucose supplemented witn 80 pgAnl adenine axiU 80 
pg/ral uracil. rVmpr«sion of the ADH2 promoter occurred 
whcD glucose ia exhouaicd from the raedium. After mhiva. 
uon for about 24-28 Hours to pcnjiii cxpc&sion and sDcrc- 
itnn f>f the soluble fusion protein ioto tne supernatant, tne 
cells WOT pelleted by eenirifagaiinn Md ihft snpcmaiani 
(culture roedium) weo Cltcxcd. 

Supemaiants coniainine rhf: nolublc fusion protein were 
purified. First, they were first ooncctmated uriag a commftr- 
Cially availaWc protein cuiiucuuatlon filter (an Amicon or 
Mfllipore Pellicon ultrafiltration umtj, following the con- 
oonuaiioo step, the conccniraie wp<: piirifieri by using nickel 
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acaroEc to sdeci for the Doly-his lail. Aliemauvcly. rcvei>c- 
phasc KPLC moihoda analogous lo those disrinseii hy Uutal 
CI al. in I Chrorruuoi 296: 171 0 W) can be ujcd. 

TLc filicrcd aupamaianu or pvmfirfl fiision pfOieins ^vt•^e 
analyzed tot muGM-C3P biological Boiyily and ?h2S 
a^iigcn tmp.n«. To lesl loi muGM^F acilvliy, prpJiTna. 
liwii of iHc muGM-CSF focior drpftndmr cell bnc FCDr-2- 
ID was used 10 racusuic the GM^SF-biologiccJ activity of 
ihe suprmnijinw or purified tusioo prolcins. Ttic results loi 
U«: pari6cd muGM^SF.linJccr-PrR75 andecD lusion pio- 
Idas were sUnUar lo ibosc for ihc muGM CSF clone J>fi- 
rJnoM in PmS 82: 625U (i985). THe fllarcd supcniiitiinis 
and purieed fusion pfoicini J»l50 tasted positive in fliui'uic 
bone mangw colony waaya. To le^t for Pft25 anujicD 
nresencc wiihin the msion pfwelns. anugcii^wiiibody rr;.c- 
clone with Pfj25 nnriecD-spcdfic aniibodics were usco wih 
pobiLivc icsult3. After as few as one innociilattrm. munnc 
aaimais mocalaied wIOi luuGM-CSr-Unkcr-P/oiS anu 
ecn fi.«i*on prolcins should have signific^anUy Jiigncr aiiu- 
body tilcre to Pf!i25 than ibwft tnoculaicd wiOi Ff ^25 anti ccn 
alone. 

ConaiJuciion of Oiher muGM^SPyAniigfin Yeflst 
£x}»c>9ioA Vccton 

The vector from Bxaiiipk I containins ibc muGM CSF 
genr. fii.^ in-frame lo a Uly^SetOly^Scr Ht^cr and 
rfj25 flfliison was dwn uje^^ emeratc oihcr rmGM-< 'Sr 
ftwion cxpressiou plawmds. The fusion DNA confi.uct 
encoding nuGM-CS)*-litikef-Pf^ amigcu Irwiu Example, i 
was digest^ wiih BamHl and Spcl-and the lAfgc vccior 
tiiifemcm coniQining »hc DNA encoding miiGM CSF ajiO a 
poSion or ihc Gly^SwQlysScr linker wgs purifloct. Th» DN a 
icqucnccs encoding oihcr antigens (eg., ihe MSPl rualMiial 
andficn ditclo5c<1 hy Kaslow ct al. in MolccuUir and ISiO- 

/m infiuemae oaicr mcnibiauc lipoprotein disclosed by 
Ddrt PJ n1 in / Bacunolosy Mm}' 4«!H^Sl8 (3988)} wcTC 
wnpL'Scd using the polyrne™ v. rhain reaciion in such a way 
as 10 crcaw ihc BaioIIJ she oi iheir 5' loitninus and ihc 

remainder of the Uly^SciGly^Scr lli*cr scqucirwc. Ilus 
ollowed Ujition nf the anligen scquciM^e in-framc to me 
muOM-C3P-HQkcf aequoBce at the BaoiHl siic. Thp ^' VCR 
primer included a Spel site at Uic 3' oid after the iciuimcuon 
eodon. 

5 cerfVtsiae sUaiu XV2181 ccU3 were tronsfonoctl by 
conventional tahniqucs with dthcr ihe inyG^J^S^Un^ci- 

• MSPl antigen DNA constriicl nr ihe raiiGM-CSr'UnKCr n. 
influenzae OMP DNA conatruoi, Tha iranefonned cells arre. 
culnircd as descnocd above In Example 1. Supcinatums 
coDiainiiig the sAlnble muGM-CSF-Iiniccr-MSl' 1 rusion 

• pruldiii wcit purified 05 deccribcd in Etamplc I . .Snftf.rna- 
lafit conlaming the soluble muGM-CSF-linkcr-//- inftucnrae 
OMP fiitinn prolans were puriliea using reverse-pluisc 
lirLC methods oaalogous to those disrlrtjcwl hy Uroal ci ai. 
m /. Chwmatos^ 296; 171 (1984). 

The filtered 8upcmRr;»m5i or pufified fusion proteins were 
ana)X«J f*« umGM-CSF biologioal aeiivity m deficrib^ H in 
Exatntfle 1 wiib positive rcsulis. Tb icsl fui m/Euci^ac 
OMP-anUeM presence within ibe fusion proicnis, antipcn- 
diiUbody rcaciioas ocing H. infinenvy mfP-aniij:cn- 
spccinc andbodics were used vdih poaidvo rcoulie. lb icsi 
forMSFl-aniigen presence wUhin ine IUsIod proiciia, vinU- 
gea antibody re?rjionfi with MSPl -antigen-specitic uiiu- 
budits were used wiih positive rcsuUs, 



AOdiliujiaUy. after one inocuiorion, nuce inoculated with 
ihc GM'Cbh-lmker-MSPl fusion protein dcmonsu-jica a 
cignificant incresisft in antibody liier 10 MSPl over those 
iiiuuulaicd with MSPl alone. The increaced aniibody liier 

5 demonstrated inc enhanced anflgcnic re^iponsic clicitcO by 
GM'fusions Aftrr as few as one imoculaiion, munne 
aiuiufll* iiiocubicd with ihe moGM CSF-Unkef H. influen- 
zae OMP anugen fusion pioielQS sbuulU have si^uGuoidy 
higher 'artubody tiTws in W. viftuaane OMP ihan ihose 

io iiiuwulitud with //• influcmffc OMP antigen alone. 

CXAMPLt 3 

15 Consiruclion or a nuGM-CSF/i/. influenzue OMP 
Antigen Ycasi Expression Vectors 

Using mrrhrtds similar 10 those described in Example 1, 
vcctora also ore cr«arod using DNA encoding human GM- 
LiiF (huGM-<::SP; c.E„ ATCC 33157) in place of muCM- 

^ CSV to create a huGM-CSF-linlccr-KIs-!5 anogcn fusion 
DNA coasvucL PGR primer srnnftnccs used nrc SEQ ID NO 
7 fui die 5' primer and SEQ ID NO 8 for the 3' pfimer. The 
5' primer included an A8p71« restriction site lo fut»e ilu; 
rauGM-rSF in-frame lo the Asp718 site in ihe a*fscior 

^ leader, fcgcncmdng the 3' end of ihe leader. The 3' priinw 
included a ponlon of the OlyaS&GIysSe* linker to the 
BainHl site (amino acid sequence Oiy-Oly-Ojy-Gly-Serj. 
A DNA scijxicncc encoding Hacmophih^ inJl*y*HzO0 ouier 

_ mcmbrtme lipoprotein Oisclosed by IXidi cl nl iii J. BoLtc- 

^ rioingy Mm): 489-498 (1988) >vas Eeneraied .using the 
polymeroao ehain reaction in cuch a way as to rrratr. ihc 
BamHl site al Ujc 5' luiiiiiuij and die remainder of Iho 
Cly-,ScrGlv«iicr iiaker sequcna. The FCR pioauci encod- 
ing tnnOM-rSF+l inker was purified and digested with the 

^ cntymca A3p7l8 end BamHl. Similarly, the PCR prodvirt 
encoding tne H. injlucnzuc OMP antigen was purified and 
di£eslcd widi the enzymes liamHl and Spci. These two 
DKA fj^gments were ligarwl into the A5p718-Spcl cut 
vcciui described aboYcThis ercaicd o fusion DNAoonewJCi 
cncodinfi huOM-CSF-linkCT-/f. infuetzpe OMP andgen, 

Convcniiomal taehniques and the h\)GM>CSF*Uiikcr-H 
injlucnzae OMP DN A cvuau-ua ^ctc ihcn used to rransfomi 
S, cerevisiae cells. The transtormed cells were cultured as 
deccribcd sbove in Exumplft 1 Siipcmatani containing Ihe 
sulubW UuGM-CSr-linkcr-//. infiuentac OMP ftwion pro 
reins were punned using reverse-phase HFLC methwJs 
analogous lo rhnsp. dinclnscd by Urdal el al- in / Chrvmatoi. 
Z9Ci 171 (1984), 

sn The purified fasiofi proieins arc analyzed lor huUM-CSF 

biological activity and H. mflutnzne OVrP rtmigpji prKSftfjcc. 
To tcsi fui LwOM-CSF biological activity, proUfcmtion of 
the huGM-C3K tacior dependem ccU line TF-1 is tised lo 
maacun: die GM-CS^-bfo1ogim1 activity of the seoreted 

53 fubioii pioicins. The rwulia for the purified huGM CSF- 
iinkcr-W. injluenzae OMP antigen ftjslon proteins were gimi- 
lar to Thocft for huGM-CSF (ATCC 53157). The filtered 
5upcmattmt3 and purified fudon proielnfi also lesied posiuvc 
in human bone marrow coluuy assays. Tu test for //. 

«o influr.n7ae OMP anU£CC presence wiihin the Jusion protcinSt 
antigen -antibody reactions using influenzae OMP-ant*- 
gen -sped fie aiidbuiliw wcic used >?;ith posiiivc rc*ulLv After 
as few as one innocolation. animals or humans inoculated 
wiUi the hnnM-CSF-linVcr-//. influenzae OMP antigen 

03 fusion protein should hove cigmficantly higher antibody 
liicrs 10 /f. influenzae OMP ikiii Utuac inoculated iFidi /A 
inftuEfv^e OMP amigcn alone, 
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Con$(.Ti.chnn c»f huCM-CSH/Malaria AnUg^tn Ycim 

Expression VftT.tnn ^ 

Similm lo ibc p^cci^s de^bcd in «mplc the hl.C iM- 
CSF-Hnkcr-H. j/iMnzac OMP anugcn ftjsio.. DNa 
timet of F-tamplc 3 can be uscfl 10 gcncrau niliu ).i»<»M. 
CSr fusion fixprcnsion ph$nu^< For cxampU*., the tiision 
UNA COnsmiCl cacuduifi hyCM<:SFlInkef-iA m/^^jr-.t^' 10 

OMP nniiEcn from Example 3 is mgcjicd wiUi B^l and 
Spcl ond the laiae v^..r.mr fragment coniajnmR ine i )Na 
encodlns muGM-CSr and d ponion of ihe Gly..'^«i<^I.v.,Scr 
linker was purined. 

A DNA frflEipent encoeiiftg the grnft fnr the Prs25 nuiUinal 15 
anUficn can be gcnciaicd using ihc polynwraw chain ,ear- 
lirtn tn 5such a >wy as 10 crealc me Bajtfil ^lu; « il.c 5 
icrtninus and ibe ^mmnrter of Ulc Cly^SciGWcStr hiiKcr 
sequence TUis a)low3 lisaiion of ihe anlifir^ <«inr-.TO 
irhframc lo the nuOM-CSF-liiAci sequence »i ihc BnnO^l 20 
Site. 

5 ccrcvUiae su-ln >fV2181 oellt of YIMXP «ll< Jjrrt 
iransfomicd by convcnUonai icchninuo; v^id. the KuCM- 
CSF-liiOcer-Pf'i^'* aniifien, T^e irajisibimeO cells an. cui- 
luicd » described above in fixarnplp. 1 Siipemaianis con- 
laiOing Ibe soluble UuGM-CSr-linkcr-PfsaS antigen fusion 

PToicins ait purified using uie same nvcCi^^d, wci for 
purificaUop of the ni>ifiM^F.linJccr.Pts25 anugcn 3Hsion 
proieiiis in Exwnplc 1- ^ 

Thp. purified fusion woiems art anftlyzefl Tor hiCM CSF 
biologioal acuvity as Hftttrihtd in Example 3. To tf si lof 
rn25 aiiUKCi. prtwice wiihin the secreled fii«irn pnM.-.im. 
! anUficn-anUbooy reactions ilcauiUcd Id Cxampic 1 ore Hsad. 
After fp.w as oac itmocolBiion. ammais or humans iitocu- 
laicd with thB buGM-C.<:F-linV€r-Pfs25 antigen fusion pro- 
leins snuuW Imvc aiBflificoDUy higher antibody riir-r^ m 
Pfs25 ihan ibosc inocuiaicd wiih Pf525 auugc.n aionc. 

EXAMPLE 5 «»o 

Consiniction of AlicnuLivc Lhikticd 
muGM-rSF/Malaria AnUgen Yeast txprcssion 
Vectors 

A vcasi expit^aai^n vector winllar 10 ih? nw-^ rifiscrihcd in 
Example I above can be uidUc with a (AU Gly Ser)^ linker 
instP-irt of ihr Gly ,SeiGly«:>er linKen As in Example 1 , reaai 
cxprwsion plnsmid plXYd i!t rtigcsicd with the resiMCHon 
enzymes Asfl7l8 dud Spcl and iho UMge vccu,r fragew-m is 50 
Durified usin£ sianoartJ molecular bwlugjF tecimiqucs. una 
cSg the mimnc GM-CSF cene (imiGM-Uif; rNAJ 
82 0250 (1985)) is amplified using t>i« polymerase chain 
reacuon insicaU uf 3EQ ID NOs 3 nnd 4 E.^P>« 
1 prRprimcrSEQIDNUaiortbcS'prtnicrandSbQID 53 
NO 9 for th« 3' primer prr. iwp.rt. The 5' primer mcludcs an 
Asp7l5 nssuicliwi. site to fuse the muGM-CSF ia.fr?mc i(> 
Ihe Asp'?! 8 site in the a-facior leader, regcuua the v end 
of the leader. 

A UNA frasmcnt cncuOiu^ tlie gene for the I>f325 malarial 60 
PTiTigpn Mro is generaied usinfi the polymerasie ciwln reac- 
Uon in such a xvay « to sdH rtP. V ftnd of ihe f Ala Gly Scfl^ 
linker fium Uie DamHl siic (nucloic acidit 5 ihrougb 10 nr 
SEO ID NO 10) at the 3' end of aiiu^uu mid lo odd u Spcl 
rrstrirrion sitcalicf the lemunaUoncodon lorincgcnc Tiws w 
ihc meleriol BPiigea PGR primcT s^nnwi^w used are SV'O W 
NO 10 fbr the 3* iJiiiiier and SEQ ID NO 6 foi the 3' r™"- 



The PGR product encoding rnnr.M.rSF+linkcr is puri- 
ncd anfl OlgcsicU y*'nU Uic enrymca A3p7l8 and BamH). 
Similarly, ihc PGR product eocodin£ the ?H15 anugcn 1» 
purified and dige«icd with i>ir tntymcs BamHl and Socl. 
Tncse two DNa fiagmcnls are ligoied into the AepH 8-Spc 1 
cui vector dcscribcO aoovc. TWs crcaics a ^u^lu" DNa 
confiti^ci enroling muGM-CSF-Unkcr-Pfs25 anugen. J'nc 
UiiKci haa the sequence of SEQ ID NO 2. 

m. e^.rtv'isiat Strain XV2181 cells or YiMX9 cells arc 
cransfonned by conventional lechoiqnP^i with muGM-CSF- 
Iinlccr-Pft23 amigcn DNA ijoastnicL The tran^fonnod eellc 
arc culiured as described above in Example 1. Supcmaiuuis 
containing Ihc soluble fii?inn proifiio are purified as 
described ui Example J. The pariBed fucion proteins irr 
analyicd for muUM-CSF biological acUviiy as dcspibcd in 
ExaynpJe 1. To i«r for Pfs25 antigen presence wiihin me 
fuiion proteins, antigen- ontibody reactions with Pfsl5 anii- 
gen-3pca!ic anliboflies arc uacvl. Afici a» fc-r as one innoco- 
lannn. murine animals inoculalcd wim Uic muOM-C5P- 

UnlcerPft2S anliseo fl»finn pTQlcinR should have 
signifiCBiiU/ lagliw antibody diert to Pfc^S than those 

inoculated wiifl antigen aionc. 

Similar to iKo proc««s deecribwl in P.^amplR 2. the 
muGM-C5F-liuXa-rfs25 amigcn fuaion DNA oonstmei of 
this example can be a$«l to gencraie oincr muGM-CSF 

fjsion expression pb^mitU. 

EXAMPLbt) 

ConsimctiOo of Altcmaiivc LinkeicJ 
huGM-CSF/MaJaria Anliecn Yeast Hipression 
Venors 

Ycoat cxpi*5£ion vectors similar ihc on«i rircrrihtd in 
Example 3 abw*c i^au be made with an (Ala Cly tcx)^ linker 
instead of the Giy^scrOlysScr linKer. as m Example 3, ycaai 
expression placmiri pTXY456 is digested with ihe resiricbon 
eneymc* A8p7l8 and Spel and the lax^e vector fragmi^i i-« 
punned using SUnOaiU muleuilu biology techniques. DNA 
encodinfi the huGM-CSF £cnc is amplified uang the poly- 
merase chain reaction (PGR) Instead of SEQ ID NOs 7 and 
8 iii EAouifflc 3, rCR priracf SEQ ID NO 7 for the 5' primer 
and sty ID NO 11 forthe 3* prtrna arc uscU. Tht 3' ^jilrocr 
incUM^-.e an Asp71g rtsiriciion sitoio fuse Ihc huUM-CSJf- 
in-rmme to the Ai;p718 etic in the a.factor leader. irgKnr.r- 
aiing Ihe 3' end of the IcudL-i. Tlic 3' primer includes a portion 
of the (Ala Gly Ser)* linker and a BamHl silc. 

A DNA fragment encoding the g«ae for iha PfeSS malarial 
amificn also is gcncraieO using the yulymciwu dwiu reac- 
Tiftn in such a way as to add the 3' end of the (Ala Gly ^tc'h 
linker from the BamHl site (nuclein acids 5 ihrcnfih 10 of 
SEQ ID NO 10) oi dic fT end of antigcti and to add o Spol 
lestiicnon siie after the termination codon for ihc gene. Thus 
the malarial antigrn PTR primer iteqaences used arc SEO ID 
NO 10 for iht 5' primer and SEQ ID NO 6 for tha 3' primer 

The PGR pfodua encoding huCM-GiiK-HmKef is purified 
and digested with the ciwyaici Asp718 wid RamHI Simi- 
lany, ihc PGR pioduu encoding the Pft25 aniigen is purified 
and digested with the enzymes aamHl and Spci- These two 
DMA fragmcnu are ligPtrtH inin the Asp7t8-Spel cut vector 
dcsaibcd above. This crcaica a fusion DNA oonstru^ 
cncoOmg nuUM-CSF-linker-Fft2^ aiiiigcn. The liiikei has 
ihft SRquencc of SEQ ID NO 2, 

S. ccfzviiiuc strain XVZlBl ecUa or ^TMX9 coUs are 
iranslorrocd by conventional Techniqucii wiih huGM-CSF- 
liTiV.r.r-Pfis9_S antigen DNA consiIUcL The Uransfonned cells 
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arc culturefl as dcsciilwU »Uo»c in Cxamplc 1 . £r»pefnai:iitw 
coniaming the sdlublc fusion proicin arc i^urificJ 
described in Example I. 

To icsi purified lusion proicinfi for nuGM-CSl ■ llolo£i^-.ol ^ 
GcUviiy. pioliferaiiftit nf thr huGM-CSF factor CiepeDcii.nl 
ceU UncTF-I la usca lo ipcajurc the huCM-CS)--bioloi'.u*J»1 

activity of tbc supemaianis ana nisdwu fjiuiciiu. ajwiuo- 
lively, huGM-CSF Wolr>eiral activity can be used cMng 
numan buiiu iuarfow coloay oaaoyc. To wsi for ihc pir.nri.ce 
of Pfs25 aniiscp wtlto ihe nmon proLdus, aiiUgcn-aDu'b./dy 
fMciiofts dcscn>wl in Example 1 are used, Ancr as fc* as 
ouc iiuioculfltion, mimala or human* ittoeiil9r'*Jl with the 
muGM-Uil'-iuiKer*rR23 anugcii fusion prouiina should 
have tigmficamly higher antibody wars lo «*s23 iban ihusc 
iuoculalcd with Pfil5 antigen alonft 

Simnar to the process described lo Examples 2 iuid 4. the 
huGM^SF-lmIf«r-Pfe25 anii£en fusion DNA L-oostruci of 
Ihia example can be uced lo gcneme other hiiHM-CSF 
fusion expression plasmlda. 



HXAMPLE 7 

Consmiuioii of Uukcrka* CM-C«f Anug 'tn Vcasi 
tlxpTcssioD "Vicaor 
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Ycasi eicpression vcaors suniisr to inc ones OKiciiUt:ii Id 
Exomplc 1 thjDUf> nbftvr. aho can be made withi>ul a 
liiiK«,A.InC3wnplM 1 through 6, yMEiexptesoonpbMTiid 
pIXT456 IS digested WIO) the nwUiLiion cQZJrnc^ A5p71? 
and .Sn«l and the lai^e vcdor ftaitmcni is purified using 30 
jumdard inolocular biology techruquM ON A cOCOdiPi^ the 
human or luuiuic CM-CST gene 13 amplified Msinn die 
polvuieTasc chain reaction (PCR). The 5* piiuici includ^..^ » 
Aep718 restnVtinn sit£ 10 fuse the GM-CSF in tramc !«> the 
Aap7)8 site in the a facwf leader^ iteen^^fi ^' 
the ieaaer. 



A mA fragmcm encodinB the antigen of choice h 
generated using the polymerase chain rcaaion in xnch a way 
as to fuse il 10 GM-CSP at the 5* cud uf Ac andgcn and to 
add a Spe I rcstrininn siii! aftcff the tcnninaiion codon for ine 
gene. E>cpcudijnj on scquunec. 0 rcDlrieuon site can be 
nreflicd near the junction ot me two cDNAa. The GM-C3F 
and anUgcn DNA fragments arc lie^to*! into the Asp718- 
Spel cut vector described above. Tius wuatcs a fOoion DNA 
coDSifuci encoding a linlccrless human or raoiine UM-CSiF- 
auUgcQ DKa fusion construct chat may be used to rr-tncform 
veasi host cells. 

Allemotivoly, oiigonudeotidc-dirccrwl Mic-specific 
muugcnesls procedures uui be employed to provide a 
Hnkerless GM-CSF/aniiKcn nision by OeleUng inc lirikci 
3oquBttc«£ from any one of rhft nnamias of Examples 1 
through 0, Exemplary mcthodo of malang euch a deletion fin>. 
disclosed by waiacr ei al. m Oene 42: 133 (1980); Daucr ct 
al. in Gene 37' 7^ C1985): Craik in BhTechniQU£S p. i2-\9 
(Jifluaiy 1985); Smith 6t al. in Cmtic E^^inp^rins' Prin- 
cipUS and Mcihods, Plcuuiu Piess (1981 ); and U.S. Pat. 
Noj;. 4^18^84 and 4.737.462, ano are incorporated nciuin 
by referBficc The consm»rt fnrmwi may bc UScd 10 trans- 
tuna ycwi 1k>si cells. 

Th^. traflisformed cells arc cultured as descnoed in any of 
ihc examples provided above. Aftcx ciilrivarion for about 
24-28 hour* to pciuiit exprcwicm and 3ccrotion of the 
soluble fusion protein into the supemaiani, ihc cells wo 
pcUcied by ccntrifng;»rinn and the supeinaiani (culruit 
uicdiuai) Is filtered- SupcmaWnW coruaining the soluble 
fusion pioiein arc pUrttleO and icsicd fui bluloglcd activity 
a< rtpj«:Tihcd in the cxampaes above. Aner as few as one 
innoculoiion, murine animals or human? innculated with the 
Unkcrlcss um'uK or human CM-ontigco f^on prolein^ 
should have sienilicanuy nigher anolKKly dtcrs to the auil- 
gcn Lhan those innnibri^H with (he antigen alone. 



( j i i ) NUJV^Ut W it.t^tJi<XSl 11 



I 1 )INf0ilMAn0NF0R5EQlDNO:I: 

( I )SCQU^C£CKAftACTIIUS71C3f: 
( A ) UNGTH: If ssuno aci«i 
( E ) TVP£: usiso odd 
C C ) sntAKPCOKESS: naele 
( D ) TOIOLOCY; Kfletr 

.( i ; )MOl£aA£TYF£: tc«^ 

(ill )irVKmiETICAL:NO 

C I . ) Avn.^<^sv' NO 

( i- ) texxutttcc oftfiOUPnoN: <:tQ m noh: 

0I7 ci, clj Ciy «.r Oiy r, Ix Gl, CIt Gly Scf 



( 2 ) WM^RMAJ lOI» POR SEQ ID H0.». 

t t } ^OQUSnCB cnAKACTERPncS: 
( A ) IJU«01Tt: IZ mu\iM 

( 11 ) iuivujO r. Unaar 
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( I V JAPm-ffi«5t:PfU 

C I i ) 5E0UENCE DESCRiKliON: ^ H03; 

A(. CJy Ser Al. Gly »er M. » U a.r ai. Ql, fi«r 

1-3 

{ J \ INVORMAnON FOR 3EQ IP WW: 

( I jaiOUINCECHARACTEWSnCS: 

( r 1 ^HANDEDNESS: fisi^ 

< i i ) mwnrirnc*' J Nn 
( t » )AKniENfij::»)0 

< * : ) 5CQUEHCB DSra»»HOW! J«Q Mft "*: 

^TATaoTnCC TTTCCATAAA AO«c*r.nrTr, /vaCCCTCTTT GOaTaaaaOa gCaCCCaCCc 60 
gctcacccat c 

^ i ) ifff oRMrtnor* rot ieq id hot*; 

( A ) IB^KITW: «0 bcw iM^t* 
( D )TTre; 

^ i> ) i'OK>LOa1r^ Haev 

( i 1 ) Mtfl^WJLblirilCBWA 

(ill) HmmuniWAij nu 

( i f )Aini'!iKNU:NU 

(til SGQUCNCE OEsauKilun:^ IK NQ.< 
CCCCOOATCC ACCCCCALCT iiiTGCACTO ottttttcca 

( 2 jJt^WMA-nO* fOR SEQ ID KOfl: 

( I ) S£QUEKCE aURACTBUSnCS: 
( A ) LENGTH! 93 ban pitf* 

( C ) STRAhOSESNCSS: SDjtc 
( O } TDPOLOGYi UiRV 

{ i i IMOUiOniTVP&eONA 
(ill) HTPOTHEnCAL KO 

( ; * > anh-seKsc- no 
( > i ) sroifPNrK TiFsmrmON: SEO ID NO-^; 
AATTGOATCC OGGCOT/sr.rn nc(3GC1CACC TaaCCTCaCT CTCGaCaCCG TC 53 

( 1 ) tNTOHMAnOri PDA CKQ ID NO<: 

( A } U»OTlt: «a 

( B ) TTff i:: iiwM«**tt 

( C ) STOA^l^'^C: tiAf^ 

( D ) TOrOLOCY; Hasar 
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(111 ) IIYTOTKSTlCAlJ NO 
( I ) AHTi-3BH3E. NO 

(XI) siigu£jvt'&uuuuriiurt: >cu u/ f<uioi 
AATTACTACT TCaGTGCTCG TCGTOGTOOT QTOOATCOCT AC 



{ 2 ) INFORMATION FOR S£Q ID WfJ: 

r A )l£KCni:71lai« oaiti 

r B ) TrFB: owsleic ocid 

( C ) fnUNOONESS: ibxte 

( n ) Tttmunavt Uaur 

( J I )MOLfiCU-ETrPE:fPKA 
( I : 1 ) irYPOTOCTTCALJ wo 
( ; . } AKn-£CKCC: MO 

( A i } aGQUENCcpcscnimoM: ccq id NOJ; 

A'IATOGTaCC TTTOOaTAAA aQaOaOOCTO aaOCCTCTTT CIOATaaaaOa OCTCCaoCTA qu 
UATCTCUAlC 1 - 7 1 



{ 3 ) INFOKMATKJn rOit St^f NOa: 

{ ) ) SCUUbNUbtJAAAAClAJtUlJd: 

I A jiAnOtiuiOMsaptm 

{ O J IQHJLUiT: iisur 
( i i }KOLSCULLTr?Eid>liA 
(111 JKYPOTOEnCAtNO 
( i*)AhnJ.JENSB:>IO 
nil SEOUSNCEDBSCUmON; S£Q ID mi: 
prrcnCATCC ACCOCCACCC tcctgoactc cictcccaoca «0 



( 7 ) iNsnoMATinN FOR SET) ID HQS: 

( i jsEQ'TF^ininJAttArrCTisnr^- 

( S ) TVUB: mtrlm w'« 

( C ) mUNEODMISS: viaslc 

( D ) T0POU»Vi U-*M 

( I 1 )mOtXCWl*TTrC:«BNA 

(111 J rrrranamCAi. HO 

AATTCOATCC ACCAOAGCCG GCAOaCCCAC t'ACAACCAOC TTTITOOACT OCTTTTTTGC £0 



t 2 ) JSPOWUkHOK FOR SGQ ID NOilO: 

( 1 ) SCOUENS CUARACTOU571C5: 

C A ) I£lfOTH: M bue pain 
C B J 7T^ mokiE acid 
( C ) SnUNDEDNESS; laj^t. 
t D 1 TOPGLOOT; Vo»t 
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c i i iMOUrULETfP&eWA 

( i ^ J AVn.S£NSE: NO 
( . i ) fiCQtrFWTF. DFJCRIPTION! SEQ D KOtttt 
.TTCCaTCC orXAACGTCA CTCtCa*CAC CGTC 



1 a J ItvrOWmON ran SSQ ID K0:U: 

, I J iceiiCNCil CHARAcnmlSTic 
( B } TVTC: smUU 
< p ) TOTOUWV: Kim* 
I I I ) («OL£CUl^ TlTE: <PKA 

( i i i ) m nil Kimc^L.- mo 

( 1 V )AKn^t«>E: HO 
( I i ] SEQtJEMCb utAilRtPTlOW; a^Q ID t*0'\ii 
^^TTCflATCC AOC/NV,>UCCO CC^OACCC.C CA O^xCOOC ^-TCCTOOaCT OQCTCCCAOC 
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Whai IS claimed 12*: . ■ . 

1 A DNA cncodiDfi atusion pfoieln inai has diu Uoiugical 
aciivity of both GM-GSF and an antiEcn selected frorn Uic 
Map cenaiating of a lumor Fnncftn, n microbial DfOicm ft 
?ini} proicin, wid a paraaiic proioin. compnjmg a ON A 
cncodmE raawre GM-C5P ftiscd lo -d DNA cncodm^j Hxc 
antigen. whcr«n the of said GM-Ci>h UNA fused 

ID ihc 5*^nd of ow<i antigen DNA. . „ 

TTic DNA of claiia 1. wbacm stud CM CSF DNA u 3S 
fiwed io said aniigcn UNA via a DNA cnwUin^ » lUiKc/ 

^3^TUc DNA of claim 2. therein «aia linker prpii'l'' ON A 
encodes a peptide selecicd fiuui ilic group con»iaiing of (Ala 
Gly Spx)^ and Cly.SerGiV5Ser, 

4 A rcceinbinam cxpirisinn vrctor for cxprcSMoii 01 a 
fusion proicili ui a yca=i compricine « L^NA enc-vling 

a fusion DTOtein inai Has inc Wologicd aciiviiy oi both 
GM-CSF aflrt an amifiCD selected from ibe group coiisisUag 
of a lumor afltigon, a Tuicrobid pro»e.in. a vinl protem. and I5 
a parasite proujio. cuuiprisiDg a DNA encoding Ti^ture 
GM-CSF fused lo a UN A encoding ttie andgcn, whcuui Uit 
3' end of Raid CM-HSF DNA is foscd to the 5'-cnd *)I said 
aiiiigcii DNA, opcnibJy HokBd lo a promoter end « xp.i rrtinn 
signal 

The recoinl)inanl expression vector of claim *i. wncrcin 
9ud proniQier i( aDH2 i»nH oiri sccrcrion siiiial is selected 
ffom ihc giwup consisting of o yooai a factor leader and a 
type I imerleuJon-l receptor (EL- 1 R) signal sci^uuucc lackiog 
iiB luiivB sigral pftptidasc recoenilion site. S5 

6. A ycasi hiist cell irancfonncd or tranjfwlf/l x^ ith an 
expression vccwf accoiUiiig lu daim 4. 

7 The host cell of claim 6. wncrcin said Host c ell is 
Saccharamyces cerex*isiae, 

5 A process foi preparing a fuaioo prt>t*'.:D compnsing W 
GM-CSF and an antigen, comprising culturiiig a yc<t>t liuii 
coll according to r.laim 6 under condiuons proiiioung 
cJiiin;ssion and rccovoriag a polypcpiide frrim thr rnlturc 
mat bas the blologivol <icti>iry of bwK GM CSF and eud 

antigen. , . c " 

9. A recojnbinant Mprcssion vector for expression ot a 
■ ftislon piutciu in o ycoji ccU, compricing » ):>NA enrolling 



a fusion prntdn that has the biological activity oi Doih 
GM-CSF and an antigen selected irom ihft group coiisisune 
of a luiiiui auligco, » inicrobid protein, a "iral prordn. and 
a parasite protein, comprising a DNa citcoding mamtc 
GM-CSF fijscd to a DNA encoding tftc antigen, wnerein the 
3'^nd of said GM-TSF OK A is ftisfid to the 5*-end of said 
antigen DNA, opcnibIy *lia3c»d to a promoter pnrt 9 tw.ffttinn 
Signa], wherein miU 0M-C3r DNA is fuacd to awd oniigen 
DNA via a DNA'cncoding a linxcrpepdde, 

10. The itcombiDaDi expression vcaor of claim 9, 
wKaisin fraid promoter is aHH^ and said secretion sigoal is 
^Iccicd fi'Oli) the group consisting of 3 ycsfit a-factof leader 
and a type I InicrlcuXiii-l icvcptor (IL-IR) aifinol w:qucno« 
lacking its native signal peptidase recognlilon sUc. 

3.1. A ynna hail cell inmsforniBd or troDst'octcd with an 
cxprcwion vector according id claim ^1 

12. Tlic host cell of claim U, wherein caid hou cell is 
SocchammyexS cerevtsiae. 

13. A process for preparing a rusion protein comprising 
GM-CSF unH an stmigcn, coniprisin£ culctJiing a yeast host 
cdl according to claim 11 under condition? pmmnting 
expression itud iccovcriog a polypeptide from the culture 
thai has xnc Diological activity of boUi CM-C3F «uid said 
antigen. , . 

Jd. A method of maVSng a GM-CSF/antigca fusion prp- 
isila tliat ba3 the biolopcd octiviiy of both GM-CSF and said 
anugcn, wherein saifl anclgcn is sdwicJ fiom the grwp 
rnnsisiiae of a lumor anugen, a microbial proteins a viral 
protein end a paratite proteim comprising 'he. t1&J^f^ nf: 
ligaune the J-enfl oi a UNA encoding mature GM-CSF to 

ihe S'^nd of 9 DNA (tncnding an antigen: 
iimcng said ligawO DNA to jcgulaioi; cleracms thai arc 
rcsponsi'ble for expression of PNA inio a single bio- 

logieally active proiein; 

inseitinfi said agaied UNA into a ycasi host ccU; 

cul wring aoid yoast hoci ceU under conations promoiing 
expression; and 

recovirtrOig «nM fiiinnn pmtein from said culture. 

15. The method of claim wherein GM-CSF DNA is 
ligatcfl to said andgen DNA Wa a DNa t-ucoding a linlccr 
peptide. 
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16, The iiieiliodof claiiTt 15. wherein said lini:er pepn.l''. ' 
is selected from ihc jtroup consisting of (Ala Q]y Sci)^ ..iv3 
GW.ScrGlyjSer. 

J7. Tije iueOiod of claim 14, wheroin faid regnHfnfy 
clcmenis art sciccico from ihe group conaisiin^ of a uun- 5 
jcripiiotval promorrr. optintial scQuence to ct>ntroJ tratv 
scrip tiui If ill id a stop eodon. 

18. The mcthoa of claim 17, whcrcin saiJ i»roraotcT is 

19. Tlic method of cloim 17, wbereia said rftgiilainry 10 
demeniS lunher compilsc a DNA Ciicoding a accrr.non 
signal s«W.tRH frftra the group consisiinE ol a yeast o-racior 
liMuScr Kid a rypo 1 imorieukin-1 receptor (H. IR) situal 
sequence lacking lis nadvc m^wI pepiidwc fCcotniiSoP iiiro. 

20. The mtthod of claim 14. ^vne^cin said yeast husi .;cU m 

21. A uwihod of makiDg a GM CSF/antigcn ftJiion jirn. 
tdn ihaihas the Diologicai acUviry ofboOiGM^SFand .^.-ud 
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antigen, whcrdn said aniixen is selected from the group 
ooscisiing of a tumor ;ifiTigm, a microbial protein. & viral 
yiulviu, and a parasite protein, compridng the steps of: 
culcuriive saii cell transtennca wiin an jsxprcsslon ' 
vector compfisiag a pmmnrcr. a DNA encoding niBnire 
OM-CSr fused to ihc 5'-cnd of a DNA cneodiag an 
antigen, and a nop codon uiulci uuiuli^oas that pro- 
ffloir cxprcssiofl of said fusion protein; and 
recovering soiJ fusion protein fpora aoid colaire. 

22. The method of claim 2i, ^^'Ilerel^ said prviuutei iw 
ADHl 

23. Tiic method of claim 31, ^Herein said expKMton 
vector further comprises a DNA encoding u sa-TCUyii 11511^1 
selected fmtn ihp gmup coasisiing of a yeasi a-factor leader 
and a type I imcrlcukin 1 receptor (IL-IR) sign?1 swiiiPJirp. 
lacking lis native signs] pc>iiid«sc lecognitioo aiic. 



